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HISTORY AND DEVELOPMENT 



Men have always been fascinated by mathematics but bored by the drudgery of it. 
In early days, the amount of computation required was relatively little and could 
be accomplished by piling stones in a heap or notching a stick. As numbers became 
more important in the advancement of civilization, numbering systems had to be 
developed. The development of the decimal system was the real beginning of exper- 
imentation in computational devices. The earliest of these devices was man's 
fingers, but unfortunately (or fortunately, as the case may be) he was relatively 
limited in this respect. If numbers can be represented by fingers, they can be 
represented by other things as well, and this thought lead first to the stones 
and notches we mentioned and finally to the construction of the earliest computer, 
the abacus. The abacus is nothing but beads strung in groups of ten. These beads 
can be moved easily and rapidly, and in the hands of skillful operators rival the 
speed of our modern mechanical calculators even today. 

The beginning of mndPT;-" machines dates back to the seventeenth century. Many 
of the famous mathematicians of that time C Eascal . Ljebnitz . and Safiier) invented 
mechanical .de '"'i"'^P|P , to aid them in their work , Pascal's machine is particularly 
important because it introduced some of the basic principles and mechanisms which 
are still used in our machines. Pascal encountered the one difficulty which had 
been the stumbling stone up to that point, the fact that a machine which is to 
calculate must have the ability to recognize the need to "carry". That is, when 
a number is added mechanically, the carry (if any) must also be taken care of 
mechanically. Pascal's carry mechanism is significant as the beginning of auto- 
matic computing because it removes a function from the operator to the machine. 
Unfortunately, in an effort to make the invention completely free of operator 
control, he passed the technological boundary of his era, and therefore his 
invention was a failure, as were other adding machines for the next two centuries. 

In 1885, 1^1 1 1 iam RiiT-rnngV|B produced the f i„S3li" ■? a 1 p.a h.l-°- ■^r'lf'.T.l.f];. .T",'",^,"" ".° The 
device caught the attention of the business world and the machines were improved 
so that they could both add and subtract. 

Around the time of World War I, desk calculators were developed. These machines 
could perform arithmetics by keyboard control. All of these devices, however, re- 
quired human operators who had to be trained. This introduced the possibility of 
human error. 

In 1830, Charles Babba ge attempted to build an automatic mechanical calculator. 
He failed again because of technical problems of construction. Babbage did, however, 
lay the design groundwork for our modern day computer. He divided his machine into 
three parts which he called the ,store, tiis-mill, and the control^. The purpose of 
the store was to hold all the data which would be used during the long computation. 
The mill worked on the data and the control was the automatic operator. 

To aid in the computations of the 1890 census, Hollerith and Powers developed 
electrical contact reading which led to the initial punched card systems. 

It wasn't until after World War I that the relay was developed. This was the 
technological advancement needed for the control functions that would free mechan- 
ical devices from the need of being operator controlled. 

World War II brought about the impetus for development of our modern high speed 
electronic computers. The first computer was the Mark T developed at Harvard. In 
1943, the ENIAC was built by the University of Pennsylvania. Tl^e ENIAC was the 
>fir9t lal j. -electronic computer. This was the toeak through into the field of 
electronic computation and into the field of data processing. 
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II - DEVELOPMENT OF AN APPLICATION 



Let us say that our ABC Bank has decided that its paper work is getting a 
strangle hold on the checking account part of business and that further mechaniza- 
tion is necessary. We ask for a proposal from a number of different computer (or 
data processor) manufacturers, A proposal is simply a written report on what their 
individual equipment will do for us and what will be required of us in terms of 
monthly rental, space requirements, time^ personnel, etc. In order to prepare this 
report, each manufacturer's personnel must familiarize themselves with the problem. 
This requires that they learn; 

1, gbgt_inputwi 1 1 be fed into t he computer . In our case this would include 
what information must be maintained for each account; what information 
will be brought in from each check or deposit; what aidditional input there 
might be, such as stop pajTnents, holds, change of addresses, new accounts, 
etc, 

2, What out put will be required^ Obviously one thing must be updated master 
information, but in addition, statements will be required periodically, 
summarizing reports will be needed, overdraft notices must be prepared to 
send to negligent account holders, etc, 

3, What steps are currently being taken by the bank personnel to handle the 
work. 

Having learned this, the analyst can determine what equipment will be needed to 
do the job in the time allowed and basically how the job will have to be handled. 

Once our ABC Bank has decided on a particular system, both the bank and the i^ 
manufacturer supply personnel to begin the detailed work. The bank personnel must p 
be trained to be able to handle the equipment. This training will be in programming ' ''~C-T~^'*^ 
and operating. The data developed by the analyst must be gone o v er in detail — Thg i 
exact format of the input and ou tput data must be determined ^. Specif ic... problem n^ 
^JigJIlgmfintp rgiist^^be prepared, and the programmers must determine the best way to have T"-e'~>"i~ 
the _e^i^£nt__perf orm the requiredT'asEF; Having developed the procedure that the Df-h:^ 
computer must follow.~Tt~ is necessary fo" "co de" or translat-e . ^''^^ i"t-o i PF;^^^^11rt^"cl!:£__iJ2__ -i "^ 
,a .form that the computer can under stand."" ]pnce a program is written, it must bp rherlcpdl 
^nd rechecked, which will also in clude actually running it on the computer with te_st___ 
d ata to make sure that the r esult s, will be accurate. __This must bg_donefgr~every 
pr ogram or "run", before the actual equipmen t is deliv ered. 

Once the equipment is installed and checked out, the conversion and systems 
check must be executed. This may mean that only a few programs are actually put into 
operation, with only the input data required for those programs converted to computer 
input; or it may mean that the entire system of programs is put into operation but 
only on a portion of the data. 

Once the personnel in charge have assured themselves that things are running 
smoothly, the complete system can be established. Additional programs encompassing 
other jobs (such as savings accounts, special "club" accounts, etc,) are added as 
time allows. This may or may not require the addition of more equipment. 

The same sort of procedure takes place at any installation, whether the appli- 
cation is demand deposit accounting which we covered here, custonEr billing, payroll, 
premium payments for an insurance company, subscription mailing, stock inventory, 
general accounting, or practically any job that requires a large volume of data 
processing, 
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Ill - WHAT IS A COMPUTER? 



There are two basic types of computers; the analog computer which calculates 
by using physical analogs of the variables, and the digital computer which calculates 
by expressing all characters in a bi-state form. We are interested in digital 
computers. 



A ccmputer is made up of five basic elements: 



1) input - ^-'=■ ^^^f ^^^^ ^,Li^_^..^^.u\^.U.^\^^^.-M^ 

2) Output -\,t Czt^L Tvi**'NN vi^wv. ^ \ r • V li 

3) Storage- H^i>. \A*-^»»^ ^ . / , 

4) Arithmetic -Oc^i-^s^'-S? ^t^\c^J\^Vor. \to^^c ^a^t-*>i, L Co**?^^-^ 

5) Control - ; . «, ^t.W', t^ri ^^ta^f 4* v^.^i, \ j,-*ffc ^ 




> 



CONTROL 



STORAGE 



T— r 



ARITH- 
METIC 




The purpose of the input devices is to feed data into the computer. There 
are numerous types of input, but we will concern ourselves with three basic types: 
cards, paper tape, and magnetic tape. All of these types of input are coded with a 
binary code. That is to say, it is only possible to represent data on cards and 
tape using holes or no holes, magnetic bits or no magnetic bits. Unique combinations 
of these holes and no holes, or bits and no bits represent the different alphabetic, 
numeric and special symbols. 

In the case of card input, we will limit our discussion to 80 colimn EAM 
(Electric Accounting Machine) cards. An example card is shown below: 
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As you can see, the card has been "punched". That is to say, the card was 
run through a card punching device which works along the same lines as a typewriter, 
the difference being that the output are cards punched with the binary code of the 
character desired and, in this case, the character above it. This card can be read 
by a device called a card reader which can then transmit the data by impulses. In 
order to do this, the card passes over a roller, and a brush senses the holes or the 
absence of holes: i.e., when the brush is capable of touching the roller (hole must 
be present), it causes a current to flow. 

Paper tape is another input device. It is also prepared on a special piece of 
equipment which causes the proper binary code to be placed in the paper tape. Paper 
tape is spoken of as having "levels". For example, a 7 level paper tape would refer 
to paper tape whose code for each character consists of 7 holes and no holes; 5 level 
tape has a code consisting of 5 holes and no holes per character. Information is 
separated on paper tape by the "gap" or physical lack of any punching except for a 
sprocket hole, A sprocket hole is punched along with each character (or in each 
character location). It is utilized by the reading device as well as the punching 
device to move the tape, A sample of punched paper tape (7 levels) is shown below; 



• ••• • • • ••• • • • 

••••• •••••• •••••• ••• • ••••••••••••• 

•• •••• •• •••• • • • ••••••••••••• 

••• • ••• • • ••• • • • • ••••••••••••• 

'••• • ••• •••••••• ••• • •••••••••••••• 

• • • • ••• • •••• 

• • • ••• • ••• • 



Magnetic tape also utilizes a binary code; however, it is represented by 
magnetic bits. The tape itself is made of oxide coated plastic and comes in various 
widths and lengths depending upon the equipment on which it is to be used. This 
tape is processed in a unit called a "tape station" which contains, among other 
things, a read-write head. This device has the ability to place bits on the tape 
(write) by transmitting a current which it receives from the computer or other 
device. It also has the ability to sense the presence of these bits (read). If 
we can say that a + current places the bits, we can also say that a - current 
would erase them, thus allowing us to use the same tape over again at some later 
date. Information is separated on magnetic tapes by gaps, as in the case of paper 
tape. In addition, other sentinels must be utilized to indicate the beginning of 
the tape and the end of the tape. These differ between equipment. 

One additional type of input is manual entry into the computer through the console, 
which is the operators' device for controlling the computer. This is done for "de- 
bugging" pruposes primarily. Debugging refers to proofing of a program in order to 
ascertain that it will do the job required of it accurately. 

The ni ]|pi]t from a computer would be made up of the same sort of thing as the 
input; i.e., jnap-nptio fa p p.- pf.ppT t-app and punch cards . The devices which produce 
the output would receive the information and prepare the media, either by punching 
cards, punching paper tape or placing bits on magnetic tape. The actual punching 
is done by triggering a solenoid driver which then hits a punch die that would place 
a hole in the card or tape. 

Another very important type of output is QcifliiQgj that is, preparing actual 
hard copy that can be read by human beings with ease. This is done by a printer 
which prepares documents at a rapid pace, by printing a complete line at a time. 
Many systems also have a high speed electric typewriter device, which produces 
written information one character at a time. This, obviously, is a much slower 
device than the printer. 
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Once the data is in the computer, there must be some place to store it. This 
unit is a .'ft(;),T;^gfi,^^^ d ev^pe and is called "memory'l. Many type s of memory devices have 
been used, such as mercury delay lines and electrostatic tubes, however, the magne- 
tic core memories have proved a great improvement in the art. They allow for a 
larger capacity with regards to data, while requiring less physical area and power 
requirements. In addition, heat production is less. The internal speed (the time 
it takes to place a character, remove a character or transfer a character) is also 
considerably faster. A mae j netic core memory is made of f errite cores., which lopk. 
something like tiny beads or like-miniature doughnuts, gn^ im-oT-iar- jnp- yir-pg 



Each 



^ ^ -_— ^- "1 Sr&it 

core will represent one bit so that if a code were seven level- it would take 7 cores T-*.5s,Hk£*f 
to represent a character. The w.ir^ ^ have the ability to place bit s in the cores "^ "^ 

(act ^^ i.va .t g_ the "core .'; > oF"^^°-';^';^^|[,yflil;ftiiifcVpiT' They also have tfie ability to. 
condit ion of the co re^^ 

An illustration of one plane of these cores appears belowt 





* ^^ '^^^t^Ait:jAiJ4^U^*-^^^A?^^^^^^ 


^LS^^^^^U^^Jt^^MAU^l^A 


l?S\^xHx]iiX^^ 


S^KS^l^^t4KLjziiA^^^^<^^M^^ 


nSttSSs^tsn^SSSSMiS^ESAU^^ 


^ggL^g§^H|ggggSg^ 


i^f ^R'^^'^'^nX^'of ^"^^^^C^f^ 


U vX^'IK^xAJv/N^^X, 'X)J ^Kf ^Kr^Xj ,Af s^f 


^f ^A^>Xji/\L ^X/>Xf >X^>X^-^X/tS</^Xj \f 






The memory "bank" is formed of a number of these planes. 



It is also possible to store data in larger volxmies on magnetic drums or discs. 
These have a much higher access time but cost less per character of storage then the 
internal computer memory. The information is stored on these devices so that the 
"bits" that make up a character follow one after another. Writing and reading de- 
vices attached to these units have the ability to place characters of information on 
the drum or disc or read information from the storage device. 

The an"thm<;it ic unit of a computer performs any arithm^|-„lr. functions required of 
it, and also handles such things as making l ogical dec isions (is 13A-58 greater than 
13576?). "■"• 

The control unit of the computer "supervises , " , , the , worlf , be ;,j,r|,g,. 'jlffflp It controls 
the input and output devices and the arithmetic unit and it accesses the storage 

devices. It knows what t o d o b ^^^^,^,,f,o21 o wing^^^^ A program is simply a 

sequential series of steps to betaken by the computer control. The program may be 
wired by using a plugboard, or stored in memory. This latter type is the one in 
which we are interested. 
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To illustrate a program, let us take a sample problem and develop it for Brand X 
Computer. For many years the ABC Bank has had a number of girls whose job it was to 
calculate the interest on each savings account. They then entered on a file card 
the following information: 



ACCOUNT NO. 
BALANCE 
INT. AMT, 
NEW BAL 



A second group of girls then took one card at a time, added the interest to 
the balance and placed the new balance on the card, then repeated the process for the 
next card. It is this job that we now want to do on a computer. 

At some previous date, we have prepared a magne tic tape that has for each 
account : 

1) a five digit account number 

2) a 6 digit interest amount, loaded with insignificant zeros 

3) a 6 digit balance amount, also loaded with insignificant zeros 

4) Example: ^43675^003^4^64, ^^^^ ^^ ^ i^ ^ .^ ,, ,- ,r J 

int, bal, ^"^^^ ^tm^^^ 
The informatio n for each Ifccount igsepamted.fson magnetic tape by a gapj 




The steps we want to go through are: 

1) Read in the information for one account. This will cause the tape to 
be moved past the read head so that we will end up in the gap after 
the first record and prior to the second record. When we initiate 
this read again, therefore, we will read in the data for the second 
record, 

2) Add the interest to the balance. Now the balance figure will really 
be the new balance figure, 

3) Write this information out to another tape. This means that we will 
end up with two tapes: the original and the new updated tape, 

4) Go back and repeat the instructions over again. By going through 
these four steps, we can process every record on the tape. 

In order to spell out these instructions to the computer, we must put them in a 
language that it can understand. This is called machine language or "absolute". 

In addition, our computer has a magnetic core memory in which each character is 
addressable, A layout of a section of this memory is shown in the figure below: 
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The first thing we must do is to decide where we wish to place the data that 
will come in from tape. Having decided to place the first character at 1000, we 
can visualize how the data will fall when it is actually brought in (see figure). 
In addition, we must remember that this program that we are writing must be placed 
into memory after it has been written, so that the control logic can follow it 
step by step. For this reason, we decide to place the program in memory starting 
at location 1500 when we read it in. 



00 01 02 02 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 

10 4 3675 000324137564 
^ ^^ ■ ^^ ^— / 



s/^~ 

Acct # 



Int 



Bal 



Each instruction will be made up of 10 characters. The first character tells the 
computer what to do and is called an operation code, the second character might or might 
not contain an additional piece of information depending upon the instruction, the 
next four characters form the first address, and the last four characters form the 
second address. 

The read instruction has an operation code of "R", The first address tells where 
to place the first character. The characters will then fall in sequentially until 
the gap is sensed. The second address is ignored, but we still have to tell the 
computer one additional piece of information and that is the tape station that holds 
the magnetic tape containing the data. For purposes of our problem, we will say that 
the tape is mounted on tape station 1, Qur instruction therefore would be: 

r R 1 1000 0000 Read in the data placing the first character at 1000. 
\ The data is on tape 1. 



The add instruction has an operation code of "+". The addition will take place 
from right to left, so we must indicate the right hanJ end of each operand. We want 
to add to the balance, so we will mention this first. The second address will give 
the location of the right hand end of the interest. The computer must also know 
when to stop, and we'll specify the number of characters to be added in the information 
digit. Our instruction will b^: , 

& Ck-^. <**■'. f\y- + 5 1016 1010 Add the six characters of the interest to the six 
characters of the balance. 






The write instruction has an operation code of W. It will be necessary to tell 
the computer the left hand end and the right hand end of the sector to be written 
and also the tape station to be written to: 



W 2 1000 1016 Write out the data from 1000 to 1016 to tape unit 2. 






VJi 



The last instruction simply wants to indicate that the computer must execute the 
read instruction again. So far we have written three instructions and we have stated 
that the program will start in memory at 1500, A simmiary would look as follows: 
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location instruction 

1500 R 1 1000 0000 

1510 + 6 1016 1010 

s_ 1520 W 2 1000 1016 

The thing we must tell the computer is where to find the next instruction to 
be executed. That instruction is located at 1500 - 1509, the operation code at 1500. 
This transfer instruction therefore will have an operation code of 1, and the first 
address will be the address of the next instruction to be executed. Everything else 
will be ignored. The entire program will therefore appear as follows: 






location 


instruction 


1500 


R 1 1000 0000 


1510 


+ 6 1016 1010 


1520 


W 2 1000 1016 


1530 


1 1500 0000 



.''' -'*■ V Having written this program, we would have it prepared as input to the computer 

(either punching cards or paper tape) and would have the operator cause it to be 
read in from the media to memory so that the first character would fall at 1500, Then 
we would instruct the computer as to where it will find the first instruction, again 
1500. Having mounted the input data tape on trunk 1, and a blank tape on trunk 2, 
we have only to hit the start button and the computer takes control. Remembering 
that the computer is not the "giant brain" of publicity but rather a "giant idiot" 
which must be told step by step what to do and also must be able to "jot down" every- 
— . thing it must remembex, we must first mention that the computer has scratch pads 
p called "registers". iThere will be a r eg.ister to keep tr' irk "f t-ho a ddress of th e 
,-\ n ^t instruction to be executed, a second to tell what to do ^ °,^^2J^^'^ >^<-<ih fhp 

1 i nformation character. a_ fourth to track the f i^''''' J^d^'^""", and_a fi fth, to tracjk _ the 
ij second a ddress. iFor simplicity sake, let's name these registers the Program register 
(since it tracKS^he program), the Operation Code register, the Information register, 
P The First Address register, and the Second Address register. We have already stated 
^p that we manually placed in the Program register the address of the first instruction, 

O 1500, By hitting the start button, the computer knows that it must read the 10 

characters in memory between 1500 and 1509 in order to know what to do. This it does, 
placing the information in the appropriate registers, and increasing the program 
register by 10, in order to address the next instruction which it is to execute. 
The computer then has in the Operation Code register an "R", which tells it to read; 
in the Information register there is a 1, which indicates that the information to be 
read is on tape trunk 1, and that the computer must place this tape in motion. The 
First Address register holds the location to receive the first character (1000) and 
the data, as it is read by the tape station, is transmitted into memory at the loca- 
tion designated by the First register; As a character is placed in memory, the 
register is increased by one in order to address the location to receive the next 
character. The Second Register is not needed for the execution of this instruction. 

When the gap (that separates the data records on tape) is sensed, the Read is 
completed and the computer refers to the Program register to find the location the 
-next instruction to be executed. This time the Operation Code register will hold 
a +, which indicates addition; the Information register a 6, which tells how many 
characters are to be added; the First register 1016, which is the address of the 
least significant digit of the augend; the Secondregister 1010, which is the address 
of the LSD of the addend; and the Program register 1520, which is the address of 
the next instruction to be performed once the addition is completed. When the addition 
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begins, the computer knows which characters to add together, because they are 
addressed by the first and second Address registers. It knows where to place the 
sum, because the computer will simply wipe out the augend with the sum. ■ As each 
set of characters is added together, the First and Second Address registers will 
decrease, in order to address the next set and the Information register will also 
decrease by one in order to be able to tell the computer when the entire field has 
been processed. 



The third instruction will write the information out to tape. The computer 
knows that it is to write, since the Operation register contains a W, which was 
addressed by the Program register. The other registers contain the tape unit (the 
2 in the Information register), and the left and right hand ends of the sector of 
memory which contains the data to be transcribed to tape (the left hand address in 
the First Address register, and the right hand address in the Second Address register). 
The Program register, at this point, will hold 1530, so that it will be able to pick 
up the next instruction. Tape trunk 2 will be activated and the first character will 
be picked up from memory and sent to the tape unit. The First Address register will 
increase by one, and the second character will be written out to tape. This process 
will continue until the character addressed by the Second Address register has been 
written to tape, at which time the computer will again look to the Program register to 
know what instruction is to be executed next. ■ — ' 

This time the Operation Code register will tell the computer to change the contents 
of the Program register (which holds at this point 1540) by transferring the contents of 
the First Address register to the Program register. This is all the computer must do to 
execute this instruction, but note that when it again refers to the Program register to 
determine where the next instruction is located, it is told to pick up the instruction 
at 1500, which will begin to repeat the process again. 

The one point which must be remembered is that the tape which contains the data to 
be processed (as well as the output tape) has moved as a result of reading in (or writing 
out) the first data record. When we repeat this read, therefore, the second data record 
will be brought into memory and subsequently processed and written out to the output tape. 
When all the data records have been processed, we will have two reels of information: __the 
original information and a reel of new, updated information. 
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IV- RCA 301 EQUIPMENT vW t ^^ 'J 

When we discussed elements of a computer, we broke the description into five parts. 
Now that we are about to discuss the elements of a particular data processor, the RCA 
301, we will follow the same format, 

INPUT: 

One of the features of the RCA 301 is that any individual customer may design his 
own system with regard to input-output requirements. Data may be fed into memory by use 
of: 

1) Cards 

2) Paper Tape 

3) Magnetic Tape 

4) Data Record File 

5) Data Disc File 

6) Interrogating Typewriter 




There are two models of Card Reading equipment in the RCA 301 system. 
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The Card Reader has the ability to read and translate 80 column EAM cards up 
to a rate of 600 cards per minute. The reading takes place column by column, the 
data in each column being translated and placed into memory as it is read. If 
translation is not desired, depression of the BCT (Bypass Card Translation) button 
will allow binary reading of a card into memory. Two characters will be placed in 
high speed memory for each of the 80 columns on the card. Thus, 160 high speed 
memory locations would be necessary. Accuracy is maintained by two reading stations 
which read the data twice and compare it by hole count. If a 600 card-per-minute 
rate is maintained, there is approximately 20 ms of free computing time between 
cards. The Card Reader can be instructed to maintain a 300 card-per-minute rate, 
resulting in 120 ms of free computing time between cards. Only one Card Reader can 
be attached to an RCA 301 system. 

The Card Reader/Punch has the ability to read and translate 80-column EAM cards 
up to a rate of 800 cards per minute. The reading takes place row by row, the 
data in each column being translated to RCA 301 code and placed into memory as it is 
read. If translation is not desired, it is possible to obtain a representation of 
this card data by placing 12 information bits (two characters) in memory to represent 
each column. This is instruction controlled. Thus, 160 HSM locations would be needed 
for the read-in area. Accuracy is maintained by two reading stations which read the 
data twice and compare it by hole count. If an 800 card-per-minute rate is maintained, 
there is approximately 10 milliseconds of free computing time available per card cycle. 
When the read-release feature is programmed, an additional 21 milliseconds of free 
computing time is available per card cycle. The card read feed hopper holds 3000 cards. 
Three of the five 1000 card capacity output stackers are subject to program control. 
Only one Card Reader/ Punch can be attached to a 301 system. 

The paper tape reading equipment includes the Paper Tape Reader/Punch and the 
Paper Tape Reader. 

The Paper Tape Reader/Punch is mounted on one base and can both read and punch 
at a rate of 100 characters per second. This unit will read and punch either 5 
channel or 7 channel paper tape. Packing density is 10 characters per inch and tape 
speed is approximately 10 inches per second. The reader stops on a character and is 
positioned to read the next character. 

The Paper Tape Reader is capable of reading either 500 or 1000 characters per 
second. It will accept 5, 6, or 7 level paper tape depending on a switch setting. 



IV- 1 



At the 500 character per second rate, the Reader stops on a character and is positioned 
to read the next character. When reading at the 1000 character per second rate, the 
Reader stops in a position to read a character at a maximum of 0.3 inch (three sprocket 
holes) from the last character read. Packing density is 10 characters per inch and the 
tape moves at either 50 or 100 inches per second. 

Magnetic tape is read by a device called a tape station or tape deck. It is 
possible to have several different types of magnetic tape. 

The first is the^HigR Data Tape Grou^ The High Data Tape Group is composed of a 
cluster of six tape stations. Up to two clusters can be attached to a 301 system. 
Two 8" tape reels are mounted on each station; one a supply reel and the other a take 
up reel. Each reel accomodates 1230 feet of 1/2 inch wide oxide coated plastic tape 
of which 1200 feet are usable. Each tape station can be read in a forward or reverse 
direction or written to in a forward direction. Since packing density is 333.3 
characters per inch and tape speed is 30" per second, the tape station reads and 
writes at a rate of 10,000 characters per second. Once a tape has been processed, it 
can be rewound at a rate of 90" per second. Information on these tapes is separated 
by gaps. These are approximately 0.34 inches in length. Only one tape station in 
each cluster can be addressed at one time since only one electronic unit services 
all six of the tape stations in the cluster. 

Another type of tape unit which is available with an RCA 301 System is a 
high speed tape station. There are two models available - "sSS^aScps&esC. 

The 33KC tape station records data at a density of 333 characters per inch 
and the tape speed is 100 inches per second. Gap size is a minimum of ,45 inches. 
33KC tape stations may be incorporated in an RCA 301 System through Tape Adapters 
Dual Tape Channels or both. The Tape Adapter connects a single tape station to 
the Computer and an RCA 301 System can have a maximum of two. Two models of the 
Dual Tape Channel are available which will each operate up to six or up to twelve 
tape stations respectively. A maximum of fourteen 33KC tape stations may be 
attached to an RCA 301 System, 

The 66KC tape station records data at a density of 667 characters per inch and 
the tape speed is 100 inches per second. Gap size is a minimum of .55 inches. 66KC 
tape stations may be incorporated in an RCA 301 System through Tape Adapters, Dual Tape 
Channels or both. The Tape Adapter connects a single tape station to the computer and 
and RCA 301 System can have a maximum of two. Two models of the Dual Tape Channel are 
available which will each operate up to six or up to twelve tape stations respectively. 
A maximum of fourteen 66KC tape stations may be attached to an RCA 301 System. 

Both the 33KC and the 66KC tape stations use 3/4" oxide plastic tape. A tape reel 
contains 2400 feet of tape, 2300 feet of which are usable. All characters on these 
tapes are dually recorded (Each 7 bit character is recorded twice, side by side, across 
the width of the tape.) When a character is read, both sets of 7 bits are overlayed 
and the resultant character placed in memory. This procedure, used in addition to 
parity checking, greatly cuts down the number of computer stops due to the inability to 
read a character, without cutting down the accuracy of the information. 

The Data Record File contains 128 magnetic coated records which can have informa- 
tion recorded on both sides (up to 4 1/2 million characters). The surface of every 
record has two bands each containing 10 cells of 900 characters each. Information is 
recorded in serial fashion in a spiral pattern around the record. Characters may be 
transferred from the Bata Record File to HSM in blocks of from one to ten cells at a 
time. The rate of transfer is 2,500 characters per second. Up to six Data Record 
Files may be used in an RCA 301 system. Parity is checked on the information to be 
written on the record and on the address of the data to be selected. 
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The Data Disc File can consist of from one to four modules. Each module consists 
of six data discs with recording on both sides. There are 9 zones of 128 tracks on 
each disc surface, and each track contains 10 sectors of 160 characters. The total 
capacity of one module is 22,118,400 alphanumeric characters. One instruction can be 
used to transfer blocks of from one to ten sectors from the Data Disc File and HSM. 
When the strata concept of data organization is utilized, associated records of data 
stored within related tracks of each zone on each disc surface are accessible to 
a single file positioning. There are 108 related tracks per module for each strata. 

Information is recorded bit-serially in each track. Each zone has one read-write 
head serving 128 tracks. All read-write heads in a file are moved simultaneously so 
that when an arm is positioned to a particular track in a particular zone, all arms are 
positioned to the corresponding track within their respective zones. 

A Data Disc File can consist of from one to four modules. Two Files can be 
used in an RCA 301 System giving a maximum capacity of 176,947,200 characters in 
steps of 22,118,400 characters. If two Files exist in the system, both can be 
transferring data to or from the High Speed Memory at the same time, one in the 
Normal Mode and one in the Simultaneous Mode. 

A pa rity check is performed on the information to be written on the disc and 
on the~Lnformation read from the disc. A check is made to determine that the positioner 
is on the correct track of the disc. Conversion from bit-serial to character-serial 
operations are checked by a bit counter. 

The Interrogating Typewriter, under Program Control, permits an operator to 
enter information via its' keyboard to the RCA 301, and to receive typed informa- 
tion from the computer. Programmed routines process the interrogations and information 
can be extracted from either magnetic tapes or storage or can be computed by sub- 
routines. Data transmission speed is up to 10 characters per second. 

On the niitni] t. side of the picture we find: 

1) Cards 

2) Paper Tape 

3> Magnetic Tape 

4) Data Record File ^ ^_ ^.^ ,-«.,^'-U 

5) Data Disc File fr' ",;'• -^ 
6} Documents 

7) Jtoaitsr.__Pr inter 

Two models of Card Punching equipment are available in the RCA 301 system. 

The Card Punch punches by row at a rate of 100 cards per minute. Accuracy is 
maintained by reading the card once it has been punched and comparing the hole count. 

The Card Reader/Punch has the ability to punch cards either binarily.or in 
Hollerith code as designated by the computer program. Cards are punched at a rate 
of up to 250 cards per minute. Accuracy is maintained by reading each card after 
it has been punched and performing a hole count check. There is a maximum of 
22.5 milliseconds of computing time available per card cycle. When the punch-re- 
lease feature is utilized, an additional 37 milliseconds of computing time is 
available. The punch feed hoppe r holds 1200 cards. Three of the five 1000 card 
capacity output stackers are suPJect to program cont.rol. Only one Card Reader/Punch 
can be attached to a 301 System. SfacK. tit $«■'«"-: T 

The Paper Tape Reader/Punch and the Paper Tape Punch produce 5 or 7 level, 
even parity, punched paper tape at a rate of 100 characters per second. Packing^ 
density on tape is approximately 10 characters per inch and tape moves at approxi- 
mately 10 inches per second. The punch stops in a position to punch a character 
a maximum of 0.3 inches (three sprocket holes) from the last character punched. 
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Magnetic Tape, the Data Record File and the Data Disc File have been previously 
discussed. 

Output documents are prepared on the -QB^j^ne^^rintex.. There are two models 
available in the RCA 301 System. The importarit'"^rfterences between the two are 
1) the number of characters that can be printed per line, and 2) the number of lines 
that can be printed per minute. One model prints a maximum of 120 characters per 
line. The printing rate is up to approximately 1000 lines per minute in the Synch- 
ronous Mode which permits the printing of U-7 selected characters. In the Asynchronous 
Mode which permits the printing of 64 characters, the printing rate is up to approx- 
imately son linPR pgr niiTiii-f-P The second model prints a maximum of 160 characters 

per line. The printing rate is up to approximately 1070 lines per minute in the 
Synchronous Mode and up to approximately 835 lines per minute in the Asynchronous 
Mode. The following characteristics are common to both printers: 

1) The On-Line Printer is a transistorized device which prints data 
directly from the High Speed Memory to prepare output documents. 



2) 



Data editing is accomplished by the computer via a stored program. 
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3) Paper advance is controlled by the computer program, either directly 
or through a tape loop in the Printer. 

4) Ten characters are printed per horizontal inch and six lines per 
vertical inch. 

5) Paper stock may be single or multiple sheet fanfold. One original, 
plus 5 carbon copies may be used. Hecto and multilith master stock 
may also be used. 

■ *^ti the Synchronous Ho^, the On-Line Printer will print 26 letters of the 
,. English alphabet, the numerals (0 to 9), and the following 11 punctuation marks and 



\ ^f^^^^^ymhols for a total of 47 available characters. 



\ T' V" 'f*^ 



"T 



CR 

I 



i£r (o' 



credit 

apostrophe 
* asterisk 
& ampersand 



/ 

n 



space 
comma 
period 



virgule 

lozenge 
- minus 
+ plus 

^ In the AfiY nohroriou s''Mode , the On-Line Printer will print 26 letters of the 
»^f -English alphabet,*" the numerals (0 to 9), the above listed 11 punctuation marks and 
O 'tit " i'^^^''^^°'^^' ^^"^ ^^^ following 17 punctuation marks and symbols for a total of 64 avail- 
able characters. 



@ 



10 

( 
3 



at the rate of 

percent 

quote or ditto 

subscriptj^O 
open parenthesis 

close brackets 



colon 


$ 


dollar sign 


number 


) 


close parenthesis 


semicolon 


c 


open bracket 


greater than 


< 


less than 


divide 


= 


equal 


up arrow 







A maximum of 2 On-Line Printers may be included in an RCA 301 System. 

The Monitor Printer is a typewriter-like output device operated under program 
control. Characters may be printed at the rate of up to 10 characters per second. 
Ten characters are printed per inch. Paper may be single or multiple sheets and up 
to 17 inches wide. All the alphanumeric characters can be printed plus the following 
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# 
) 

EB 



* 
/ 



number @ 
close parenthesis = 

comma % 

end block ; 

dollar sign " 

period • 

asterisk ED 
virgule 



at the rate of 

equal 

percent 

semi-colon 

quote or ditto 

ISS 

end data 

minus 



( open parenthesis 

: colon 

& ampersand 

EI end information 

+ plus 

EF end information 



A carriage return is effected by printing an RCA 301 "ED" or by setting tab 
stops. . T* 






STORAGE : 

There are two basic types of storage in the RCA 301 System: 

1) magnetic core memory 

2) magnetic disc 

The core memory has a minimum size of 10,000 locations. This may be increased 
to 20,000 or 40,000 character locations if desired. Each one of these character 
locations is individually addressable and the memory cycle (the time it takes to 
pull a character from memory and regenerate it) is 7 m.icroseconds (7 millionths of 
a second) . 

Magnetic disc storage (Data Record File and Data Disc File) have been previ- 
ously discussed. 



ARITHMETIC : 

The RCA 301 has the ability to do comparisons, allowing it to make decisions 
as to magnitude, and to add and subtract using a table look-up method which will be 
discussed in detail later in this manual. Logical instructions are also available. 
Multiplication and Division must be handled by program or RCA supplied subroutines. 
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V - THE BINARY NUMBERING SYSTEM 



The Binary Numbering System can be thought of as the language by which the 
equipment in the RCA 301 System communicates with each other and processes the data 
internally. 

A numbering system is simply an orderly system of marks, used for making 
quantitative measurements, which are controlled by a basic set of rules. The most 
familiar system is the decimal system, which uses the ten marks (or Arabic Numerals) 
0, 1, 2, 3, 4, 5, 6, 7, 8, and 9. 

The first thing a person needs to know when working with a numbering system is 
its "base". This term refers to the number of marks used in a particular system. 
The decimal system operates on a base of 10; i.e., there are 10 different marks in 
the system. The binary system has a base of 2. That is to say, there are only two 
different marks in this system, and 1. 

Having learned the base of a system, the next step is to learn to count. The 
three rules of progression are: 

1) Knowing the sequence of marks, the rightmost number is advanced to the 
next number in sequence. (From to 1 , from 1 to 2 , from 2 to 3, etc.) 

2) If the rightmost number is the last mark used in the system, it is 
changed to the first mark and then we move to the next column to the 
left and advance this number one mark in the system. (From 29 to 30, 
from 79 to 80, etc.) 

3) If this column to the left also used the last mark in the system, it is 
returned to the first mark and we again move one column to the left and 
advance one mark, (i+99 to 500, 999 to 1000, etc.) 

Since these rules apply to all numbering systems, we can proceed to count 
binarily : 



1 

10 

11 

100 

101 

110 

111 

1000 
1001 
1010 
1011 
1100 
1101 
1110 

1111 

etc. 

Another concept which should be clarified before proceeding is the actual 
meaning of a number. Considering the decimal system, which has a base of 10, we 
could really say that the number 39 is 10 + 10 + 10 + 9 . Another way of saying 
this is 3(10^) + 9(10*^). (Remember that any number raised to the zero power is 
equal to 1). In the same way, the number 589 is in reality 5(102) + 8(10l) + 
9(10*^) = 5(100) + 8(10) + 9(1). The same logic holds true in connection with the 
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binary system, except that here the base is 2. For example, the binary number 
101111 could be thought of as: 

1(25) + 0(2^) + 1(23) + ^(22) + i(2l) + 1(2°). 

Figuring this out decimally would actually give us the decimal equivalent of 
the binary number: 

(101111)2 =32+0+8+4+2+1= (47)^g 

In summation, the meaning of a number, regardless of its base, is a succession 
of columns, where each column to the left is one power of the base higher. 



BINARY CODE : 

As has been stated previously the binary code is a system using only two marks. 
For convenience we use the Arabic Numerals to 1 as the two marks. The "base" of 
this system is 2 . 

It was stated that this binary system, is the language of the machines in the 
RC:A 301 system. What does this actually mean? If we forget our convenience in 
using the Arabic Numerals and 1 as the binary marks we can visualize the binary 
code internally in the machines as: no (0) a wire is not carrying an electrical 
pulse or yes (1) a wire is carrying an electrical pulse; yes (1) a gate is opened 
or no (0) a gate is closed; yes (1) a core is magnetized or no (0) a core is not 
magnetized. In effect any two way condition can be treated in binary code as a 
or a 1 . 

Now because man does not think directly in binary, as he does in decimal, 
these are a few methods provided for his use. You cannot glance at the binary num- 
ber 101101101(2) and appreciate its relative magnitude, unless you can convert 
these binary marks to a decimal equivalent. Likewise the decimal number 789 is 
not readily converted mentally to its binary equivalent without the aid of a tool. 
There are various auxiliary rules to convert decimal to binary number and conversely. 

a. Decimal to Binary: 

Take the decimal number 329 qq) and convert it to its binary equivalent. The 
method is to successively divide by two and retain the remainders of each division. 
The successive list of remainders is the binary equivalent. 

Example : Remainders 

0-1 1 

2 ll - 

2 I2 - 1 1 

2 Is - 

2 |l0 - 

2 I20 - 1 1 

2 pIl~IT 

2 |82 - 

2 [l64 - 1 1 
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starting from the last remainder the binary equivalent of 329(]^o) = 101001001 ^2) 
b. Binary to Decimal: 

This method of conversion merely follows the earlier discussion of the column 
values. In binary our base of two makes each column a value of two to a successively 
higher power. 

Example : 

101001001 ("2) from the previous example. 

28 27 26 25 2^ 23 2^ 2^ 2° 

loidoiooi 

Only those columns with a one bit present are needed in the computation of the 
decimal equivalent. 



2^ = 1 X 1 = 1 
2^ = 8x1= 8 
2^ = 64 X 1 = 64 
2^ = 256 X 1 = 256 
329 

c. Addition in Binary 

There are only a few basic rules to remember in becoming proficient at addition 
of binary numbers. These rules are: 

Rule 1.0+0=0 

Rule 2. 0+1=1 

Rule 3. 1 + 1 = 10 (a in the right column & a carry to the left.) 

Rule 4. l+l+l=ll(alin the right column & a carry to the left.) 

Example : 

1011011 = 91, ,g-. 

0010001 = 17_n0) 
1101100 = 108(]^o) 

d. Subtraction in Binary: 

Although there are several methods available for subtraction in binary the one 
presented here closely resembles the method used by a computer. The first require- 
ment is an understanding of a method of "complementing" the subtrahend. This is 
done by changing all the O's to I's and all the I's to O's. If the subtrahend in 
a binary subtraction is 1001101 the "complement" of this number would be 0110010. 
These are the rules for subtraction of binary numbers. 

1) Complement the subtrahend. 

2) Add the subtrahend (complemented) to the minuend. 

3) If there is a carry from the most significant digit, this indicates a 
positive number and the carry must be added to the least significant digit. 

4) If there is no carry, this indicates a negative number and the answer must 
be complemented to obtain the correct result. 

Example : 

1) From 1011011 subtract 0110011 

1011011 = 91. ^Q. 

0110011 = 51qo) 

^O(IO) 
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a) complement the subtrahend and the problem appears as follows: 

1011011 
1001100 

b) adding these we obtain: 
1 0100111 

c) the carry indicates a positive answer and must be added to the result 

0100111 

1 

0101000 = (40).^Q 

2) from 0011011 subtract 1001100 

0011011 = 27 10 
1001100 = 76 10 

a) complementing the subtrahend we have 0110011 

b) adding we have 

0011011 
0110011 
1001110 

c) the lack of a carry indicates a negative result, so the answer must 
be complemented giving 0110001 (^9),q 

With very few exceptions, we will not be concerned with the binary arithmetic 
that the computer is executing. This previous discussion, however, has given us a 
feeling of what is involved, which will prove useful as the course develops. 



CLASS EXERCISE ON NUMBERING SYSTEMS 

A. Convert the following decimal numbers to binary: 

1. 24 

2. 26 

3. iJ-7 

4. 86 

5. 104 

B. Convert the following binary numbers to decimal: 

1. 1011 

2. 10100 

3. 101101 

4. 011100 

5. mill 
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C. Add the following binary numbers. 

1. 101 2. 0101 3. 11101 

010 1010 11001 

4. 11111 5. 10011 

10101 01111 



D. Subtract the following binary numbers: 

1. Ill 2. 1001 3. 11001 

001 100 00111 

4. 0111 5. 11111 

1000 10101 
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VI - DATA LAYOUT 



Da ta Layo ut;... is rliffgrppi- depending on the various types of input-outpu t media. 

In order to completely understand data layout it will be necessary 'to ""d'Lscuss each 

type. 



CARDS : 

As was mentioned in the introduction to computers , information is punched into 
these cards using a binary code. Each column represents one character, but since, 
in most cases, more than one character is needed to indicate some useful data, a 
number of adjacent columns will contain a -'field" of information. For example, on 
one set of cards we find the following information: 



Columns 



Data 



1-8 
10-35 
37-45 
47-55 
57-63 
65 
67-72 



account number 

name 

total deposits 

total checks 

balance 

one character code indicating overdraft if needed 

date 



1 2 » <|5 t 7 1 



ACCT. # 



lOOO 
I : 3 4 

1111 
2222 

2 3 < 

3333 
4444 

12 3 4 

5355 
G666 

2 3 4 

7 1)7 

838 8 

3 4 

9 9-9 9 

! 3 4 



oeso 

: s > I 
1111 

2222 
i e 7 a 

3333 

4444 

i 9 7 I 

3555 
eS66 

5 6 7 1 

777 7 

8 88 8 

S 6 ! I 

9 9 9 

5 B 7 S 



TaBCO 7337? 



H II I2|l3 H IS lt|l7 H H 20|21 22 23 M|2S jS 27 28|28 30 31 ]2|33 34 35 » n 38 38 4a|4l 42 43 44|4! 4t|47 4al« 5C il i2|53 54 5i 3 57 i« 58 S0|61 52"6i » gffi 57 B8|63 70 71 72 13 74 7i i6|77 78 78 «l| 
vTiiff^- Tr\T^ A T 'r/^T'AT ti A T n T^ATTT 



9 9 



NAME' 



OQ 

10 11 12 

1 1 1 

222 
on 12 

333 

444 

11 12 

555 
56 G 

8 11 1! 

77) 

S88 

11 17 

9 9 3 
on 12 



ODD 

13 14 IS 18 
1111 

2222 

13 14 IS 18 

333 3 
4444 

13 14 15 IS 

5335 
66 G S 

13 14 15 16 

7) ) ) 



17 10 19 20 21 22 23 24 75 28 27 2! is 30 31 32 U 34 35 



13 14 IS 16 

999 9 

13 14 15 lt> 



00 



0000 



nil 

2222 

17 IB 19 20 

3333 
4444 

17 18 19 20 

5333 
6666 

17 10 19 20 
77) ) 

8 883 

17 18 19 20 

9 9 99 

17 18 19 20 



1111 

2222 

2122 23 24 
3333 



444 4 

a :; 23 24 

5553 



000 



0000 



1111 



2222 

79 10 31 

3333 



1111 
2222 

25 20 27 28 
333 3 

4444 

75 26 27 28 

5355 
S66G 

25 20 27 28 

7 7 7 7 

8 38 8 

!5 26 27 28 19 JU 31 32 



6666 

21 22 23 24 
))77 

8 6 8 8 

;i 22 23 24 

99 9 9 

21 22 21 24l25 28 27 28129 70 11 32 



9999 



32 33 34 35 36 17 



4444 

19 30 31 

5 5 5 3 
6666 

29 30 31 32 

777 / 



81 



9 9 9 9999 



000 



» 17 3t 39 40 41 42 43 44 45 46 



222 

34 

333 



444 

13 34 35 

555 
866 

33 34 35 
7 7 7 



1111 



2222 

38 39 40|41 42 43 44|« 

3 3 33 



TOTAL 
DEPS. 



10 



44 4 4 

7 38 39 40 

5555 



6666 

I' 30 39 « 

)7 77 

88 88 

7 38 39 40 

939 9 



0000 



1 1 • 1 



2222 



3333 
4 4 44 

41 42 43 44 

5555 



3886 

II 42 43 44 

99 9 9 



6606 

41 42 43 44|45|46|47 4e|49 

7 77 7 



: 38 39 40141 42 43 44HS 16 17 48l49 SO 51 52 



TOTAL 
CHECKS 



00 



0000 



22 

W 17 48 

33 
4 4 

il 18 

55 



47 4< 49 so 51 92 
111111 

2222 

a so 51 S2 

3 33 3 

444 4 

19 50 51 53 

5 5 5 3 



6666 

50 5152 

7777 



(9 50 51 52 

9 9 9 S 



00 



54S5CS7 5t996Cni283IIS5E6:7EIS9n71723 74 757S77787880 



1 1 1 

222 

S3 54 

333 

4 44 

S3 54 

5 5 3 

6 6 6 

53 54 

7 77 



BAL. 



000 



1111 



2222 

58 S9 

3 3 3 3 



00SI626]6l65B6i7 



6 6 6 6 
57 58 59 80 

7 7); 



8 8 8 
y 54 

9 9 9 

U 54 53lSSlS7 58 59 (0 



L7 58 59 60 

9 99 9 



1 1 1 



222 

EI 62 6] 

333 



4 4 4 

6162 63 

535 



4 44 4 

56 59 60|61 62 63|&4|65|66 

55 35 



666 

61 62 6: 6' 
) ) ) 



51 62 

399 



1 1 

11 
a 



DATE 



0000 1000 



1111 

2222 

>9 70 31 72 

3333 



4 4 4 

69 70 71 72 

55 5 



4 t 



3 i 



33 

44 

:7 68 

S 5 
66 

17 88 

7 
i 8 

768 

) 9 

7 68l£9 ID 71 72 



Mil 
222 

3 74 75 76 

333 



6666 

69 70 71 72 

7 7 7 



6 8 3 8 

69 70 71 72 

9 9 9 9 



0000 



44 4 

3 74 15 -6 

55 5 



) 



6 66 

74 75 76 

) 7 7 

8 8 8 

74 75 76 

9 3 9 

3 74 n 76 



1111 

2 22 2 

77 78 79 80 

3333 

4 444 

n 78 73 80 

55 55 

6 66 6 

77 78 78 80 

7 77 7 

3 8 8 8 

f7 78 79 eo 

9 9 9 3 



This same format will be followed by each card, and therefore the format is 
fixed. That is to say, 26 locations have been left for a name. If any one name 
should have fewer than 26 characters, it would be necessary to carry blank columns 
to fill out the field. The balance has a 7 character field, so insignificant zeros 
will be needed. For example, a balance of 64324 (read $643.24 although no dollar 
or decimal symbols are carried) would appear as 0064324. Although the length of 
each field is fixed, the different fields vary in size. For this reason, we say 
that the information is in "fixed-variable" format. 
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A card consists of 80 colvimns and 12 rows. We can further break down this 
description by mentioning that the rows are either numeric (rows 0-9) or zone 
(X or 11 and Y or 12) where also acts as a zone. This type of set-up is necessary 
to allow all characters to be expressed. When discussing any decimal digit, a hole 
in the proper row would be sufficient. To express the alphabetic characters, however, 
we must combine holes. For example, the letters A-I are represented by the same 
1-9 rows all of which have been overpunched (given a zone punch) with a "Y" or "12" 
punch (top row). Thus an "A" is a "Y" and a "1"; a "B" is a "Y" and a "2"; etc. 
J-R also utilize the numbers 1-9 but with a zone punch of "X" or "11" (second row). 
The remaining letters, S-Z, use the digits 2-9 with acting as an overpunch. The 
punctuation and special symbols are also shown in this manner, some even having 
3 punches (a period is represented by a Y, a 3 and an 8) . 

Looking at our example another though occurs. How would we show a negative 
balance? The card code indicates that a minus is shown by an "X" punch by itself. 
By overpunching this minus over the least significant digit of the balance we can 
then show a negative balance. For example, if our balance was a minus $5.92, it 
would appear on the card as 000059K, since a 2 punch in combination with an X punch 
would indicate a minus 2 for operational purposes. 

In many cases, a number of punches may be placed in a column. These might not 
have a legitimate translation when referring to a code sheet, but may have a signif- 
icant meaning to the particular installation in which it is used. An extreme example 
would be that one column were used to store the answer to 12 bi-state questions 
(Male or Female, Married or Single, etc.) 

At this point, it seems advisable to define some frequently used terms: 



Ju.t: 



bit is jingle binarydi^it expressed as either a "0" or 



chatactgj: a oharartpj; ir| fh o RCA 30] , sYstgni is made up of 7 , {vLts . These con- 
sist of 6 information bits and 1 parity bit. The 6 information bits 
are the unique binary configurations used to indicate the individual 
numerics, alphabetics, and special characters. The parj'tv hit l<i 
T],<;ed for armrary piirpnsps.- In the RCA 301 .machine code , we say 
that parit y is " odd" , that is the number of 1 bits in a character 
must be odd. If a bit is gained or lost, therefore, the parity will 
be wrong and this will cause the computer to register a parity alarm 
so that the character can be corrected. For example, the decimal 
number is known to the computer as 000000. Since there are 6 zero 
bits in this character, parity must be a 1 ; the whole character would 
be 1000000. The letter A is lOlOOOl. The 010001 are the information 
bits, the left hand 1 is the parity character. The bit positions are 
called: 

ZONE NUMERIC 

The RCA 301 code was developed to allow the easiest conversion of 
card code to machine code, in an attempt to keep cost and engineering 
hardware at a minimum. 

pne char ji£^er seldom indicates enough data, so it is necessary to 
combine a niimbieF ' ''cS^har acTp7^!r^'yn'''?f w*^ p pertinen_t m'ere of in- 
fa tji"'" • ^^ example would be a name, or another one might be a 
stock number. This may or may not be preceded by a special symbol 
to indicate the beginning. This symbol is used primarily when the 
data is variable, a term which will be discussed as a separate topic. 
In addition, an item could contain sub-items; for example an employee 
number might consist of a department number, a section number and a 
man num.be r. 
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item;^^^ 






or - 


•--. 




i^'^^^i 




F, 


xe -i. ^1 ii 




6r 


w '1 i ' ^t 1 '5 


«^-S 



». tf' 


T "^^ '■^- 


i 




r«.t4 


;.^' 



record: ^ T^pr.ord-x'^ns.:^,iF;,,|;^,..p£„.a,,,i^amber j?,£_r^ For example, all 

- ' the data pertaining to John Doe's savings account would be one record; 

in addition, an^.^_th£,,.,records__r^^ 

one file . Another example would be all the records pertaining to the 
checking accounts. All records in a file must have the same format. 
A file is terminated by a single control symbol called an FIF fF"*^ '^^ 
File). When this is sensed , it means that all the records in the file 
have been process ed. 

variability: data may be presented in three possible formats: 

1) fixed KfeSttge tS^ii- ^!>&"'^"*><'* 

2) fixed-variable 

3) variable 

If data must be fixed, it means that the computer on which it will 
be processed has a fixed word length. For example, a computer with 
a 10 character word means that instead of being able to address each 
character, it is necessary to address 10 characters at a time. If 
data is fixed-variable, it means that the same item in each record 
must have a fixed length, but that different items may vary in length. 
The card has a fixed-variable format. 

r^i< A ^^ariahiP_^v.c;tPm is iiti 1 ized , to ,el,iminate ^^ the need to..c.a.r£a 

^©.r^ ^ unneces^ary _chasaaa£&a^Sfe.g^>^ea6^^^ 

^ >"■" ft -. tape, which would result...iji-decreased input -out put ti^F - It allows 

^ J -'V ^leoata to be carried at its significant length. For example, if 

^ -r^ ^^'S, ^ name is John Doe, that is all that is carried. A balance of 63457 

O K^ '■■ would appear just like that, without any insignificant zeros. 
X ) 



't 



5" The RCA 301 has the ability to handle data as fixed variable or as 
variable. 

The following example indicates the difference. Note the amount of 
space that can be saved utilizing a variable format. 

account number 8 characters maximum 

name 25 characters maximum 

fi^fi^: (10 character word length) 

0012345678JOE_DOE_ 0012345679BOB_SMITH 001 "*. 

fixed variable : 

12345678JOE DOE 12345679B0B_SMITH _12345680JOHN_JONE 

variable: (sjraibol * needed to differentiate between items) 

*12345678*JOE DOE* 1234567 9*B0B SMITH*12345680*JOHN JONES*l2345681*JACK BR0WN*123456 



J 



k: r^-MfiSj^i-s ^^y number of characters (minimum 3) which appear on tape 
"~ "between two ggUs"T| A single record surrounded by gaps would therefore 
be a block. TwdT-ecords placed end to end, with a gap preceding and 
a gap following, would be a block. '^"An EF (which must be preceded and 
followed by a gap) is a legitimate one character block, as is an EDJ 

Tf fl f,y"ihn1 • The ED is a control symbol which serves a function similar to the EF 

•-«— ew*.,.^ symbol. It indicates that the end of good data n-n th-j,.; ref^l nf t^nf^ 

has been reached , -±ait that the file has not bee n completel y processed. 
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For example, a file might take up two reels of tape. The first reel 
would have an ED as the last block; the last block on the second reel 
(appearing immediately after the last record) would be an EF. .. I f 
.there, wer e no oth er datann the reel, the block afterthe EF would be 

^™- 4LiL£i^^-E°--^^^-£2^-^^-£K.^^^ The^Jirst 

f ile, wauTo^ag^ rminated by an E F. the second one b y an. EF followed 

by an ED to indicate the end of good data on the tape. 



PAPER TAPE AND MAGNETIC TAPE : 

Data on tape is also coded binarily; on paper tape, no holes represent the ones, 
holes the zeros; on magnetic tape, magnetic spots indicate the zeros, the lack of 
these spots shows ones . The information is separated by gaps . On paper tape this 
gap must be a minimum of three character locations; on magnetic tape it is approxi- 
mately .34 inch. 

Information on RCA 301 lOkc Magnetic and paper tape is coded as the complement 
of the character in memory. For example, the letter "A" is represented in memory as 
(1010001)2 but on tape it would be (0101110)2. The reason behind this is two fold. 
To give the best possible accuracy check, information on tape should have even parity. 
This is because odd parity would permit a character to be written on tape with only 
one 1 bit, and if this 1 bit were lost, the character would become a gap. (On 33kc 
tapes, parity is odd but the dual recording eliminates the difficulty of losing a 
bit and not being able to read the character.) With even parity, however, it is 
very unlikely that the two 1 bits (which would be the minimum amount in any one 
character) would both be lost at the same time, so that even if one were lost, parity 
would be incorrect and the computer would halt on a parity error. However, if even 
parity is maintained, the decimal zero which has a code of (000000)2 would itself 
be a gap. To prevent this from occurring, the entire character is complemented when 
being written to tape from memory or being read to memory from tape. 



TOTALS AND WEIGHTED AVERAGES: 



It was mentioned that every record in a file must have the same format. There- 
fore, by setting down the description of a file, we are in effect describing each 
record in the file. If the file is variable, we must know more than the maximum 
number of characters in each item; we must also know the average number of characters 
and the percentage of occurance of these items. By multiplying these two factors 
together, we have the weighted average number of characters in each item. This is 
important, primarily for timing purposes. Figure VI -I illustrates a DATA SHEET 
describing a variable file. Since it is necessary to carry the separating symbol 
for positional purposes, unless there is no data after it for the remainder of the 
record, it is necessary to add in these symbols. A file should normally be arranged 
by decreasing percentages of occurances , therefore, it may not be necessary to carry 
all of the separating control symbols. For this reason, we must determine how many 
are necessary and we do this by employing the probability of occurrence. An example 
would be best to illustrate this method: 
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ITEM NO. 



1 
2 

3 

5 
6 
7 
8 
9 
10 



% OF OCCURRENCE 



ACCUMULATED % OF OCCURRENCE 



(breakpoint item) 



100 








90 








75 








60 








40 


(40 


+ 


59) 


25 


(25 


+ 


34) 


20 


(20 


+ 


14) 


10 


(10 


+ 


4) 


3 


( 3 


+ 


1) 


1 









99 

59 

34 

14 

4 

1 

211 



Starting at the last item, figure the accumulated % of occurrence. Continue 
to do this until you reach the breakpoint item. This is the item whose accumulated 
% of occurrence is closest to, but less than 100%. Totaling the accumulated % of 
occurrences you will get a percentage of occurrence for the control characters, in 
this case 211%. This means that 2.11 control characters must be added to the 4 
which will always appear (for the first four items) giving a grand total of 6.11 
control symbols. Having developed the number of control symbols, add this amount 
to the sum of the weighted average of each item and you will have the total weighted 
average of characters in each record. 



EXERCISE I 

Organization of Data 

1. Define the following: 

a) Record - 

b) Block - 

c) Item - 

d) Control Symbol - 

e) File - 



2. The master inventory file is a three reel file. What controls symbols 
terminate each reel? 

3. A record contains the following information: 



Stock Number 
Stock Description 
Balance on Hand 
Unit Cost 



Number 


of 


Characters 


Information 


Max. 






Avg. 




5 






5 


12345 


20 






10 


GENERATOR 


7 






5 


1000 


5 






3 


3275 
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@ E.D.P. DATA SHEET 




INPUT 




OUTPUT 


IDENTIFICATION 

STOCK M/ySTER THZ 


DATE 

60-10-6 


iX 


REFERENCE 




INTERMEDI ATE 


SOURCE 


USE 

MifflXR THE 


SCHEDULE 


^CERDIHG ORlffiJR BT BTOCSC TXO. 


01 SPOSI TION 


NO. OF MESSAGES 
PEAK: / NORMAL: 


DOCUMENT DESCRIPTION: 

TYPE: 


/ SIZE: WIDE X LONG / NO. OF COPIES 


REMARKS 


~ 


ITEM 
NO. 


SUB. 
NO, 


D E S C 

1 


R 1 P T 1 N 


NO. OF CHARS. 


% OCCUR- 
RANCE 


WTO. 
AVG. 


MAX, 


AVG. 


1 




1 STOCK NTMBER 


9 


9 


100 


9 


2 




STOCK UESCRrPTiaK- 


- 


2«r 


ll 


100 


d 


3 


I BAUUfCK ON HAItD 


10 


8 


100 


8 


K 


TOTAL IBSHKD TO MTB 


15 


12 


100 


12 


5 


; RBORMK UfiVJSL 


10 


1^ 


100 


k 


6 




AMODHT DOS DT 




8 


6 


50 


3\ 


7 




HEJSCTIOnB HESOfflTAGS 


~ 


3 


2 


25 


.50 


8 




OBSOisTB oom 




1 


1 


5 


.05 


























































































' 
























































1 — 


























— --■■ 


























' 










































— 
















1 — 1 

















. 































- ■■■ ■ ■ 


































; - - 


















































- - -: 





















































— - 



















































































































TOTAL CHARACTERS OF INFORMATION 
ADDED CONTROL CHARACTERS 


81 




»!0-«5«; 




8 


6.15 





















TOTAL RCA CHARACTERS 


_J 


__J9 










56.70 
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a) Compose this information in a fixed length record. (Fixed word length 
10 characters.) 

-b) Compose this information in a fixed-variable length record. 

c) Compose this information in 301 variable. 

Construct a data sheet for the following payroll file. There are approxi- 
mately 10,000 messages. 



No. of Characters 



Ma-x". 


Avg. 


% Use 


2 


2 


100 


5 


5 


100 


1 


1 


100 


6 


5 


100 


6 


4 


100 


4 


h 


- 100 


5- 


k 


100 



4 


- 3 


75 


3 


2 


50 


3 - 


2 


35 


fe 


3 


- 25 



Description 

Pay Period 

Man Number 

Tax Class 

Year to Date Earnings 

Year to Date Withholdings 

Quarterly FICA 

Gross Pay 

Deductions 

Bonds 

Combined Charities 

Major Medical Insurance 

Automobile Insurance 



EXERCISE II 

Create a data sheet for a payroll master file. The file is currently on 
ledger cards and contains the following information: (Maximum and average lengths 
have been determined) . Assume you aire setting up this tape file and may choose 
any se'quence for each item. 

^ " Name 

Address 

City 

Telephone Number 

Job Title 

Job Classification Number 

Employee Number 

Department Number 

YTD Municipal Wage Tax 

Health Insurance 

Automobile Insurance 

Stock Ded. 

YTD Gross 

Quarterly FICA 

YTD Withholding 
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Maximum 


Average 


20 


12 


20 


15 


20 


15 


7 


7 


30 


15 


4 


4 


5 


5 


2 


2 


5 


4 


5 


4 


5 


4 


4 


4 


7 


6 


.5 


4 


6 


5 



The criteria for sorting will be department number. Within each department num- 
ber, messages will be in order by employee number. 

500 employees live in the city and must pay the Municipal Wage Tax; 2000 
employees have health insurance deductions; 1500 also have automobile insurance; 
1000 have Stock Deductions . 

There are 10,000 employees. 



VI-8 



VII - HIGH SPEED MEMORY 



io^ -iO^ Hi>'<^ 



Memory may contain either 10,000, 20,000, or 40,000 character locations. 
Since each character consists of 7 bits, each location must be made up of 7 cores, 
one core representing each bit. For this reason, we can say that memory is made up 
of 70,000, 140,000, or 280,000 magnetic cores. These are held in 14, 28, or 56 
matrices of 50 x 100 cores. 

Discussing the first 10,000 locations first, it is obvious that each location 
could be given an individual address, if we started counting at 0000 and continued 
to 9999. The problem of addressing does not exist, therefore, until we desire to 
address something in the second 10,000 character locations. To prevent having to 
add a fifth digit to the address, we simply take the most significant digit of the 
address and add a zone bit in 2^. For example, if we wanted to address the location 
10,000 character locations away from location 7854, we would simply take the 7 (the 
most significant digit), break it down to its binary code of 000111, and place a bit 
in the 2^ position yielding 010111. This character is a G, so the address is G854. 
To address the third 10,000 locations, we take the MSD of the address and add a 
zone bit in 2^ position. To address the fourth 10,000 locations, we add zone bits 
in 2^ and 2^ positions of the MSD of the address. The following table will simplify 
this process: 

2nd 10,000 3rd 10,000 4th 10,000 

changes to & - (minus) " (quotes) 

1 changes to A J / 

2 changes to B K S 

3 changes to C L T 

4 changes to D M U 

5 changes to E N V 

6 changes to F W 

7 changes to G P X 

8 changes to H Q Y 

9 changes to I R Z 

The term "diad" will be referred to throughout the text. A diad, \s t¥ffi«iiMft~ 
s ecuti-vq P ;'^ ^ .,, i 1 iiOi ^ i»i ^"-J -9^°- with an even address for the fir st ^^ locatijQD and an^ odd 
address f Qr.,.the....s.ec..ond.., ' '^ 

For illustrative purposes, we will use our original problem of adding the 
interest to the balance and indicate how the Interest Account Masters would appear 
in High Speed Memory. 






e^: ■■■■- ■'•'■-■^'•-■- -■'■^--' 
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@ 


E.D.P. DATA SHEET 






INPUT 




OUTPUT 


IDENTIFICATION 


■ JuacGmr mbtbsb 


DATE 




REFERENCE 




INTERMEDIATE 




SOURCE 


USE 


SCHEDULE 


SEQUENCE 


Dl SPOSITION 


NO. OF MESSAGES 
PEAK: / NORMAL: 


DOCUMENT DE5CR|V,,0N: 
TYPE: 


/ SIZE: WIDE X LONG / NO. OF COPIES 


REMARKS 






ITEM 

NO. 


SUB. 
NO. 


DESCRIPTION 


NO. OF CHARS. 


% OCCUR- 
RANCE 


WTD. 

Ave. 


MAX. 


AVG. 


1 




ACOODHT irailBER 


5 


5 


100 


5 


a 




UPEERKT AMOOIT 


6 


6 


100 


6 


1 




BAIiAHCX 


6 


6 


100 


6 
























































































































































































































































































! 
! 































































\ ■" 




























1 












- 
















i- 












I 












1 






















































































; 






























; 


























TOTAL CHARACTERS OF INFORMATION 
ADDED CONTROL CHARACTERS 


17 




IT 




- 


- 


















TOTAL RCA CHARACTERS 




IT 










11 
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) 30 


00|01 |02|03|04 


OS 


06|07 


oe 


09 


io| n| 12 


13| 14 


15 


16] 17 


ie| 19 


20 ]21 


22 I 23 1 24 


25 |26 


27 


28] 29 


30 ] 31 


32 


33 


34 


35 


36 1 


37! 


38] 39 


40! 


4l]42]43 


44 


45 1 46 


47 


48l 


49 




< 


«- ACCT# — » 


<- 


■UTT 






^^ 1 


3AL- 


—t 


» 






















































50|51 |52|S3|54 


55 


56|57 


5S 


59 


60| 6l|62 


63 I 64 


65 


66] 67 


68] 69 


70 |71 


72|73|74 


75)76 


^^ 


78 ] 79 


80|81 


82 


83 


84 


85 


86 


87 


88|a9 


90 


91 ]92 |93 


94 


95] 96 


97 


98 


99 




































































31 


00|01 |02|03|04 


05 


06|07 


08 


09 


10| 11 1 12 


13{ 14 


IS 


16] 17 


is] 19 


20 ]21 


22] 23] 24 


25|26 


27 


28] 29 
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VIII - INSTRUCTION FORMAT AND 

COMPUTER PROGRAM RECORD 

The RCA 301 is a two address computer. This means that the individual in- 
structions allow for two addresses. Due to the construction of the instruction, 
it is possible to put in more than two pieces of information if necessary. 

The format of the RCA 301 instruction is as follows: 

1) a one character operation code that tells the computer what to do 

2) a one character information bit, called "N" , which gives various data 
depending upon the instruction 

3) two four character addresses called A and B 

In summary, we have: 

OP N AqA;|^A2A3 BqB 3^6263 

X X XXXX XXXX 

An example instruction would look as follows: 

N 4 1515 1689 

This tells the computer to transfer 4 characters starting at location 1515 
to location 1689, moving right to left. 



This instruction conventionally is placed in memory so that its operation 
code falls in a location whose address is a multiple of 10, for example 1750. N 
would then fall in 1751, the A address in 1752-1755 and the B address in 1756-1759. 

To aid in the writing of programs, a standard form is available for coding. 
This form is called the RCA 301 COMPUTER PROGRAM RECORD. On it there is room for 
the program title, the coder's name , the date, remarks, and page notation. In the 
body of the form there are a number of columns, a few of which we will discuss now, 
the remainder to be mentioned later in the text when they become important to us. 

The instruction itself is written in the columns marked OP, N, A and B. 
Note that each position is numbered 0-9, and this refers to the address of the HSM 
location which is to hold that particular character of the instruction. 

The HSM LOCATION column should contain the address which is to receive the 
operation code of each instruction. Again note that the "0" has been pre-printed 
for programmer convenience. 

The REMARKS column is for programmer use and should always be filled in to 
give an English explanation of what that particular instruction is doing. 

The BOX NO. column refers to the number given to a box on the flow chart, 
(a picture statement of the problem discussed in another chapter) that pertains to 
this particular instruction. 

The FB.CM INST. LOC . (from instruction location) box must contain the address Ces) 
of any instruction(s) that transferred to this particular instruction. For example, 
in our initial interest problem, the last instruction transferred the program back 
to the Read instruction. The address of the transfer instruction would then be 
entered in the From Inst. Loc . line of the Read instruction. 
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Pretending for the moment that the instructions we discussed as example in- 
structions were, in truth, RCA 301 instruction, the Program Record sheet would 
appear as follows: 
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IX - OPERATING LOGIC 



When the program has been written, prepared as input and read into memory, 
how does the computer operate on it? As in the case of human beings, the computer 
has many "memory devices" called registers. These help it to keep track of what 
it is doing. A few of the most important ones are discussed below: 

The OP register is a one character register that holds the operation code of 
the instruction being executed. 

The N register is a one character register that holds the N character of the 
instruction being executed. 

The A register is a four character register that holds the A address of the 
instruction being executed. 

The B register is a four character register that holds the B address of the 
instruction being executed. 

The P register is a four character register that keeps track of the program, 
by holding the address of the next instruction to be executed. 

The Memory Addressing register is a four character register which addresses 
memory . 

The Memory register is a two character register which holds the contents of 
the diad addressed by the MAR in order that they may be worked on. 

Bus Adder is a device which has the ability to increment or decrement the 
operating registers by 1 or 2 . 

Using our example (at location 1750 we have an instruction which reads 
N 4 1515 1689), let us investigate the operation. 

First of all, we must place the address of this instruction into the P register. 
We could do this from the console. Then, by hitting the start button on the console, 
the computer takes over. 
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The contents of the P register fall into the MAR 
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*^" The diad 1750-1751 is pulled from memory and placed into the MR. At the same 
time the characters are regenerated so that they still appear at 1750 and 1751. 
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From the MR, these characters are placed in their respective registers; i.e., 
OP and N . 
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At the same- time, the Bus Adder has added two to the P register contents. 
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Tlie process is repeated four -more times, allowing the entire instruction to be 
staticized (to pull an instruction from memory and break it into its component parts, 
placing each in the appropriate register). 2i£-B«^'=^®^'*-='^*«l.f«-t3k^^ 
^^ycj.e jpu llinii. the characters out and pl acing them^^^^ . Since the 

j/process is executed five "■Ermes, st'aHcLz'Lng'^tS^s atotal of 35 microseconds (35 

r , millionths of a second). 
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After staticizing, we find that the OP register holds our operation code (N) , 
The "N" register holds a 4, the A register holds 1515, and the B register holds 1689. 
In addition, the P register holds the address of the next instruction to be executed 
(since this is a sequential machine), 1760. We are ready to execute this instruction. 

The N in the OP register tells the computer that we want to transfer data right 
to left. The content of the "N" register is not zero, so the instruction begins to 
execute. The A register contents are placed in the MAR and the character addressed 
is pulled out to the MR. 

The Bus Adder decreases the contents of the A register by 1. The contents of 
the B register are placed in the MAR register and the character in the MR is placed 
in memory at this location. The contents of the B register are then decreased by 1, 
as is the content of the "N" register. Again, "N" does not equal 0, so the process' 
is repeated. When N finally equals zero, the staticizing of the next instruction 
will begin. 
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X - AN INTRODUCTION TO FLOW CHARTING 



A flow chart is a pictorial representation of the logical steps required to 
perform a task. Once completed, the problem need only be coded following the 
specifications of the flow chart, in order that the machine may understand its work. 

There are three types of flow charts. 

The first is called a "systems flow chart". It is a diagrammatical represen- 
tation of the sequential steps which must be performed in order to accomplish the 
complete data processing application. The analyst prepares this m order to de- 
termine what the input will be, what output is expected, and what types of data 
processing are necessary to derive the required output from the input. 

The second type is a "functional flow chart". This is prepared by the pro- 
grammer to show the general data processing steps which must be accomplished. The 
word "general" in this context means just the actual work to be accomplished with _ 
no reference to particular equipment. For example, a functional chart might contain 
a block called UPDATE BALANCE; in the corresponding detailed chart, this might re- 
quire five or more computer steps to accomplish. 

The remaining type is a "detailed process chart" often abbreviated to "detailed 
chart". The detail flow charting of a problem could actually be called the pro- 
gramming, since this is where the logical thinking is required. It is this chart 
that spells out the computer operations one by one. By utilizing this type of 
presentation of the problem, the programmer has the ability to think through the 
logical flow of the steps before having to concern himself with addresses, constants^ 
names, and the like. 



The following is a picture of the RCA template, 
are the ones that are standard for all RCA charts. 



The symbols on this template 
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In order to be more familiar with the symbols, a discussion of each of the 
chart types of symbols follows: 



SYSTEM FLOW CHARTING SYMBOLS : 

Since the major function of a systems flow chart -is to show the input and out- 
put media, it is necessary to have symbols to show each type. 




STORAGE MEDIA 



Magnetic Tape 



Paper Tape 



Random Storage 
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Documents 



EAM Card 



DATA PREPARATION 




Tapewriter 



Tapewriter Verifier 




Tapewriter Reader 
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RT 



Reader Typer 




KP 



Key Punch 




KPV 



Key Punch Verifier 



OFF LINE PERIPHERAL EQUIPMENT 



H-T-R 



Hi-Speed Transmission and Reception Unit 



T-R 



Transmission and Reception Unit 



C-T 



Code Translator 



PROCESSING OPERATIONS 



Computer Operation 

(Sort, Merge, and Extract operations 

would be indicated within box.) 



GENERAL RULE 

Arrows should be used to clarify 
direction. 
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FUNCTIONAL AND DETAIL CHARTING SYMBOLS: 



SYMBOLS AND SPECIFIC RULES 




Tape Read or Tape Write (Magnetic and Paper Tape) 
(Type of operation should be indicated within 
symbol .) 



Card Read or Card Punch 



Random Storage Read or Write 



Document Read or Print 



Internal Computer Operation 

(Internal computer operation boxes may be drawn 
without separate vertical connecting lines pro- 
vided there is only one point of entry.) 



Decision 




To and From Connector (Numerically designated) 

1. The No. within "To" symbol is the destination 
box No . 

2. The No. within "From" symbol is the box No. 
transferred from. 

3. More than one "From" symbol can be used if 
one cannot indicate all "From" box numbers. 

4. Connectors that refer to a different page 
should indicate the "referred to" page No. 

5. "To" and "From" connectors are NOT numbered 
externally. 
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Variable Connectors (Alphabetically Designated) 

1. Variable paths are designated with connector 
letter with subscripted number. 

2. "To" path of variable paths are designated in 
identical manner as "To" connectors. 

3. Variable connectors are externally numbered. 




Start 




Normal or Error Stop 

1. PES tf - Programmed ERROR STOP. 

2. HALT # - Intermediate HALT. 

3. EOR # - END OF RUN. 



Closed Subroutine 

(Designates entrance into, execution of, and 

exit from designated subroutine.) 



Assertion Box 

1. Defines purpose of any operation or decision 
box. 

2. Indicates the box numbers that set variable 
connectors . 

3. Defines purpose of variable connector settings. 



Lines 



GENERAL RULES 



A. Points of entry should be to the vertical line preceeding the box to be 
entered. 

B. Lines should be drawn in place of connectors whenever possible. 
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C. Lines must never cross-over. 

D. Arrows are optional and used for clarification. 
2. Other 

A. External numbering of boxes should follow the actual coding sheets when- 

ever possible. 

B. Box sizes should be uniform but may be enlarged within reason. 

C. Boxes encompassing a subroutine should be titled above the first box. 
The entire routine should be enclosed, by a dotted line whenever possible. 

D. Charting for subroutines not unique to the program need not be included. 

E. Charts should be drawn to flow down and to the right whenever possible. 

In addition to the template symbols, several written symbols are common. A 
few of these are: 



> 


is greater than 


< 


is less than 


/ 

■^ 


equal 

not equal 

is compared with 

replaces 

sum of 


■> 

I. 


•»- 


letter 





digit zero 
letter Z 


Q 


period 

blank or space 


e 


minus 



The following problem statement is used to exemplify what has been stated in 
this chapter. It shows the development from one chart to another, utilizing the 
symbols discussed. 

The problem is to prepare the payroll for 3000 employees paid on a weekly 
basis. Each employee has an identifying employee number and the master information 
for each employee is maintained on magnetic tape (1 employee per block) in ascending 
order by employee number. For any one week, approximately 2500 time cards must be 
processed to show the regular hours worked. In addition, there will be about 1000 
overtime documents which must be processed. There will never be more than one card 
and/or 1 overtime slip per employee. (An employee cannot work overtime, without 
working regular hours.) The transactions are to be sorted and then a computer run 
must combine the two types of transactions, preparing the information which is to be 
posted against the master. This last updating is the second run. The output from 
this will be an updated raaster and a printed payroll register, and the checks pre- 
pared on card punch. 
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SYSTEMS 


FLOW CHART 


(e^eAfe.*-'®. 


\ 


Vfst^' 


U^V^-T 


io 




40 


d6 


V 

i 





'.A> ' 




RUN I : 

COMBINE 
TRANSACTION 



CHECKS 



rSORTED> 

a 

MERGED 
TRANS> 



RUN II : 

UPDATE 
MASTER 



T 




PAYROLL 
REGISTER 
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RUN I FUNCTIONAL CHART 



TO >0T 





SET UP O.T. 

PORTION OF 

TRANSACTION 




TC<OT 
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RUN I DETAILED CHART 



START 




housekeeping; 
clear read in areas 





1 k 



TRANSFER O.T. MRS. 
> TRANS. AREA 



TRANSFER OT. RATE 
>■ TRANS. AREA 




IS THIS THE END^ 
OF THE OUTPUT 
REEL? 




S 



ft'-so-C 



C /^ 5.- * ■ ' 



•- . 4-fc E '' '^ 



YES 



23 




STOP 



TO OT f O.T.EMP#: ^ TC< 

1 jr I TC. EMP# J 

STOP \ I ' 1 



OT 



.> 



i\. 



(j^;-'^-^'^% ^*T* 



...^ Hi^y 
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The detailed chart for our interest problem would appear as follows: 
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XI - INTRODUCTORY INSTRUCTIONS 






TAPE READ FORWARD NORMAL, ADD, TAPE WRITE NORMAL, STORE REGISTER 



Having discussed most of the preliminaries, it is now possible to investigate 
the specific format and operation of some of the instructions. 



TAPE READ FORWARD NOR^lAL : 

In order to be able to process any data, it is necessary first to bring~the 
data into memory. One instruction that accomplishes this is the TAPE READ FORWARD 
NORMAL. The name of this instruction implies that it will read from tape moving 
in a forward direction and the instruction will be executed in the normal operating 
registers (OP, N, A, and B) . As we have already discussed, when a read instruction 
is initiated, the tape moves, so that at the end of the read, the read-write head 
is sitting in the gap before the next block 



A> . ^ 

^J^^*" BEFORE / ABCDEFGHI JKLMNOPQR STUVWXYZ \ 



?■ 



^P Tie 



AFTER 



/HI JKLMNOPQR 



STUVWXYZ 123456789 ( 



The operation code. of the RFN is 4. 

The "N" character gives the unit addressed. 



Device 


First Unit 


Second Unit 


Paper Tape Reader 
Hi-Data Tape Group 
Tape Adapter: 
33KC 


8 
123456 

J 


ABCDEF 
N 


66KC 


L 


P 


Dual Tape Channel (2x6) 
Dual Tape Channel (2x12) 


123456 
123456 


ABCDEF 


Interrogating Typewriter 


U 





UiV< 



{id "^iSiij \wvK'¥ "Ve ??\>«;e "^W'^ \^ >^«»^c><'-»\ 



The A address gives the HSM location to receive the first character. 

The B address gives the HSM location of the righthand end of the maximum read 
in area. 



C 



Example : 



We have a file of records containing 10 characters each, which appear on 
tape as follows: »j -^ 



JOE DOE 21 



JIM RAU 30 



DON RAY 07 



FkZ 



The REN instruction is: 
4 3 1500 1509 



no o „ oa -7 - r».t4 ^- ^ 






■'■" •— U -v ^'- '■ , 






4 



to 



<%. X .- . \ » A 



^ M ii-a »; 



6.^5.1- rC«.-a=''=i- 



TV|P inst,riioi-inT| is gtati ri 7.pd anrl taii£— s-ta4j, Qri 3 is a r.tiv^t&d. The tape begins 
to move and obtains the proper speed (30" per second) . The first character is placed 
in the tape buffer and then transferred to the MR and then into memory at the address 
designated by the A register. The contents of the A and the B registers are com- 
pared. In our case, they do not match so the contents of the A register are in- 
creased by 1. The next character is read in and placed, the registers are compared. 
Again they do not agree, so the A register is increased by one and the process con- 
tinues. After the tenth character has been placed in memory at location 1509, an 
^-B equ ality is found , ^his causes an i,]n.dj„ gatj3r to be set in order that the com- 
puterwLii be able to remember this conditionTl The A register again is increased, 
but when the tape station attempts to bring in the next character from tape, it 
senses the inter-re cord gap . The— la psing of this gap causes the instruction to 
terminate, "*~ '™"" ~~ 



ADD: 



is the ADD, 






■^H. 

A 



Since addition is essential to any computation, a very important instruction 
The OP code is a +, ..j^-*^ *'»'* .,^' ;.::' -< 



V- 



" N" giv'7 '-'^ '>"-he numhp.r„n^ r[i,a.va'^^?,,T^ in each operand, which implies that the 
operands must be of equal length. Obviously, if we were limited to the decimal 
numbers, the maximum length would be 9 characters. Since this would be too limited 
for our needs, there had to be developed a way to circumvent this problem. If we 
examine the construction of a character, we can see that we have ability to express 
all of the decimal digits from 0-9 with the right four bits: 



23 


22 


2l 


20 




























1 


1 








1 





2 








1 


1 


3 





1 








4 





1 





1 


5 





1 


1 





6 





1 


1 


1 


7 


1 











8 


1 








1 


9 



If we then take the remaining two bits, we can construct any number from 0-3: 



25 


2^ 











1 


1 





1 


1 



Combining the two, we can construct any number from 0-39. This plus 5 special 
symbols give us a field limit of kU . To simplify the process, a table has been 
developed, called the "N" table: 



XI -2 



N Count 


Symbol 


N Count 


Symbol 1 


N Count 


Symbol 


NT Count 


Symbol 








11 


A 


22 


K 


33 


T 


1 




12 


B 


23 


L 


34 


U 


2 




13 


C 


24 


M 


35 


V 


3 




14 


D 


25 


N 


36 


w 


4 




15 


E 


26 


O 


37 


X 


5 




16 


F 


27 


P 


38 


Y 


6 


6 


17 


G 


28 


Q 


39 


z 


7 


7 


18 


H 


29 


R 


40 


EB 


8 


8 


19 


I 


30 




41 


, (comma) 


9 


9 


20 


- (minus) 


31 


/ 


42 


% 


10 


& 


21 


J 


32 


S 


43 


• (ISS) 














44 


~ 



/ 1144 ^^ 

The A address gives the HSM location of the least s ignif Leant dijgl t of the 
augend (augend plus addend equals sum). This is also the address 'of the least 
significant digit of the sum (the sum overlays the ^^g^^^Xf^ti,^ ^^tj.M^'*!, 

The B address gives the HSM location of the least significant digit of the 
.addend , c r ttnv^n F-^'^i- ' 
^ J 

If an amount is negative, it will be indicated by placing a zone bit in the 
2^ position of the least significant digit. For example, a positive 5 would have 
a bit configuration of 000101, a negative 5 would have a configuration of 100101. 

Addition is done in the RCA 301 by "table look-up". This simply means that 
there are two tables stored in memory, a sum table between 0000-0099 and a 
difference table between 0100-0199. The two digits that must be added form the 
right hand two digits of the address. If the signs of the two operands are alike, 
the lefthand two digits are 00, if the signs are unlike, the digits are 01. 

If a carry occurs, one of the next two digits is increased by one. 

If the signs are unlike, and the addend is larger than the augend, the entire 
sum must be complemented before the termination of the operation, in order to yield 
the proper result. For example, if we had the following problem the computer would 
handle it by the following steps: 



1) 



ADD 23 
- 42 



2) Using the difference table: 



* 81 



3) *end around condition which requires complementation of 81 , which yields 
19 

4) the answer is -19 
Example: 

Executing the following instruction, we will be able to follow through the 
steps of the computer. 



+|3 1999 1989 



86 87 88 89 90 91 92 93 94 95 96 97 98 99 
^^ ^ 1-8 3 B C D E F G H 464 
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Once the instruction is staticized, the least significant digits are examined. 
Since the signs are alike, the sum table will be utilized. In order to compose the 
address, another register must be introduced at this point. This is the D register 
(Data Register) which is composed of two one character registers, labeled D2 and 
D3 (due to the fact that they hold the right hand two characters of the address of 
the sum). The A address falls into the MAR and the character addressed is pulled 
from memory, placed first in the MR and then in D2 . The process is repeated for 
the B address. D2 and D3 would then contain, for our example, 43. Since we are 
using the Sum table, 00 will be added to this giving us an address of 0043. At 
that location in the table, there is a 7 , which is the sum of 3 plus 4. This char- 
acter will be placed into memory at the location given by the A register, namely 
1999. The contents of the A, B, and N registers are decreased by one and N is 
again sensed for zero. Since it is not zero yet, the process is repeated. The 
address this time will be 0068, and at that location will be a 4. In addition, an 
indicator will be set which will cause a carry to be added to the next digits. 
This 4 is placed at 1998, The registers are again decreased, and N is sensed. 
Since it is not zero, the next address that will be constructed will be 0041. The 
carry must be added in,, so the address will become 0042. At that address, we find 
a 6 which will be placed in memory at location 1987. ^Again the registers are de- 
creased, but this time the "N" register indicates zero, which terminates the operationTl 

Jn addition , one more step is required before the operation is completed. This 
is the setting of one of thrpp iy^dirai-nr R known collectively as the PRI ' s (Previous 
Result Indicators), Individually, these are the PRP (previous result positive), 
PRN (previous result negative), and PR2 (previous result zero). This setting will 
indicate the result of the operation. In our case the result was positive (the sum 
was plus 647) so that the PRP would be set. 

TJhor, fh ore is a parry hpyn-|j^ i;^|iP ^,97)^,^.^^)^, c,i]jj|_ and the first Overflow 
Indicator has already been set in a Computer containing only one Overflow Indicator, 
the Computer stops on an alarm . When there is a carry beyond the MSD of the sum 
in a Computer with a second Overflow Indicator and this indicator has already been 
set, the Computer stops on an alarm. 

The only allowable one zone bits in the operands of an addition for a processor 
with up to 20,000 characters are in the 2^ bit position of the MSD and the 2^ and 
25 positions in the LSD. The only allowable one zone bits in the operands of an 
addition for a processor with 40,000 characters are the 2^ and 25 bit positions in 
the MSD and the LSD. 

In single character operands, however, a one bit in the 2^ position of either 
operand causes an alarm stop. 



TAPE WRITE NORMAL: 

Once the data is updated, it will be necessary to prepare it as output. The 
TAPE WRITE NCRMAL instruction allows us to write to magnetic tape utilizing the 
normal operating registers. 



The OP code is an 8. ^.^ ^_ 



"N" again defines the tape unit (1-5, A-F, J or N, L or P, 9 for the Paper 
Tape Punch, ^Z— E^y,^ j^|[^i^, l^pfltt^r ^^^""1.^^- °^ ^ ^°^ ^'^^ Interrogating Typewriter. 

The A addres.'^ gives the HSM location of the fjjc^s t.. character t o be written, 
punched, or typed. --"—————. 
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Thera address gives the HSM location of the last character to be written, 
punched, or typed. j^ 5 g,-WV SffeD ^'* ^2-- &« ^'^ *^ fl^+ft 

Example : 




We wish to write the following to magnetic tape: i. h i*. > 4* Ir* f* •> " Mc***''^ 
65 66 67 68 69 70 71 72 73 ^74 '75 Vro\f%-^f^ \(> ■tt'f 



17 



■, ' ". W '^ 



eVt 



I 1^ ►^r'-^^t. 



The instruction is 

8 5 1765 1775 

which says to write to tape on station 5 the information that falls in memory be- 
tween 1765 and 1775. 



The instruction is staticized and tape station 5 is activated. The contents 
of the A register are placed in the MAR and the character addressed is pulled out 
of memory and placed in the MR. From there it goes to the tape buffer and then to 
tape. The contents of the A and B registers are then compared. Since they will 
not be equal, the A register will be increased by one and the process will continue 
until A equals B. The A register will increase once more, so that it will end up 
with an address one to the right of the last character written, in our case 1776. 



J 



STORE REGISTER: 



As we've already discovered, the P register, k^ ppp, t^:,?r^-"f ■^Mi..SSA'^'^P^.,i^,^ 

holding:...t,l j.ff ^ ^ ^i^ fess of the ^ next ^ ins , truction to ^ b^„^gjic,g.y„|^^gd. It follows, therefore, 

that if we could modify the P register, the instructions wouldn't necessarily have 
to be processed in sequential order. In order to do this, it must be possible to 
address the P register, but since registers are not part of HSM, we must have an 
instruction that will affect the registers, in this case the P register. This in- 
struction is called STORE REGISTER. When we address the P register with a REG 
instruction, we not only have the ability to store the present contents of the P 
register, but also to place something new in that register. 

In HSM there are some standard memory locations that are always used for the 
same thing. One of these is called STP (store P) . It. is used to store the contents 
of the P register before it is modified so that a temporary record can be kept of 
the location at which the change was made (STP will contain an address 10 greater 
than the instruction that made the change). The addresses of this location are 
0216-0219. At this point, we will make a temporary rule that states that the 
contents of the P register must always be placed in STP before the P register is 
affected, 

The OP code is a V. 

N gives the register to be affected. At this point we are interested in the 
P register, so "N" must be a 1 . 

The A address gives the right hand end of the area to receive the contents of 
the P register, which we have stated to be 021 9. 

The B address is the address of the next instruction to be executed. 



V o 






7 1.5X1-5 ;iJai ^:-H.V^ 



Example: 

We have just written a program that consisted of 10 steps, 
place this program in memory starting at location 1700. 



We decided to 





OP 


N 


A 


B 


1700 


X 


X 


XXXX 


xxxx 


1710 


X 


X 


xxxx 


xxxx 


1720 


X 


X 


XXXX 


xxxx 


1730 


X 


X 


xxxx 


xxxx 


1740 


X 


X 


xxxx 


xxxx 


1750 


X 


X 


xxxx 


xxxx 


1760 


X 


X 


xxxx 


xxxx 


1770 


X 


X 


xxxx 


xxxx 


1780 


X 


X 


xxxx 


xxxx 


1790 


V 


1 


0219 


1700 



The last instruction in our program is a STORE REGISTER instruction. It will 
enable us to start doing the steps over again at 1700. Once the instruction has 
been staticized, the computer will recognize that it must affect the P register. 
The present contents of the P register (1800) will be placed in memory at STP 
(0216-0219) and 1700 will be placed in the P register. The computer will then 
start to staticize the next instruction, which will be the one located at 1700, 



I) 



02 



STP 



OP 



N 



A 



B 



V 




1 







2 


1 


9 




1 


7 
















\ 




/ 








\ 


/ 








2) 




if' 






1 


8 








P 


1 


7 












16 


17 18 19 








1 


8 













Having discussed these four instructions, Tape Read Forward Normal , Add, 
Tape Write Normal, and Store Register, it will be possible for us to write a 
program which will solve our interest problem. As you remember, we were to add 
the interest to the balance for each of the records. 

Our first step would be to read in a record from tape 1 and place it into 
memory from 3000-3016, as depicted on the HSM Record (page XI-9) . This instruction is: 

4 1 3000 3016 

The next step would be to add the interest to the balance, so that the sum 
becomes the new balance: 

+ 6 3016 3010 

The next step would be to write the updated record out to tape on station 2: 

8 2 3000 3016 
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The last step would be to start over again with the read. We have stipulated 
that the program will start at 3100. The Read will be at 3100, the Add at 3110, 
the Write at 3120 and the Register at 3130. Since we want to transfer back to the 
Read, our instruction will be: 

V 1 0219 3100 

To facilitate our writing of programs, we will use a 301 Computer Program 
Record sheet (page XI-10) . 

Following through on our program we would have it prepared as input, and read 
into the computer memory starting at location 3100. We would then set the P register 
to 3100 (by use of the computer console) and hit the start button. The following are 
the first two records we must process: 



r 



13452000256034189 23546000150013550 



The first record is read into memory starting at 3000: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 
30 13452000256034189 

The next step would add the interest to the balance leaving: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 
30 13452000256034445 

The next step would write this new record out to a new tape: 
~i3452000256034445 ) 



The Register instruction would put 3100 in the P register and the Read in- 
struction would be executed again: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 
30 23546000150013550 

The add instruction would result in: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 
30 2354600015 013700 

Writing this record out to tape we have: 

1 



c 



13452000256034445 23546000150013700 



J 



The next instruction would transfer the program back to the read, etc. 
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@ E.D.P. DATA SHEET 




INPUT 




OUTPUT 


IDENTI FICATION 

nnSREST ACCOOHT MASTSRS 


DATE 




REFERENCE 


1 INTERMEDIATE 


SOURCE 


USE 


SCHEDULE 


SEQUENCt 


DISPOSITION 


NO. OF MESSAGES 
PEAK: / NORMAL: 


DOCUMENT DESCRIPTION: 

TYPE: / SIZE: WIDE X LONG / NO. OF COPIES 


REMARKS 


ITEM 
NO. 


SUB. 
NO. 


DESCRIPTION 


NO. OF CHARS. 


% OCCUR- 
RANCE 


WTO. 

Ave. 


MAX. 


AVG. 


1 




ACOOUNT NtMBER 


5 


5 


100 


5 


2 




UPEERIST 


6 




6 


100 


6 


3 




BALANCE 


6 


6 


10© 


6 






















































































































































































































1 


























































































■■• i 














i 


























1 




1 




















" 









































































































































































































TOTAL CHARACTERS OF INFORMATION 
ADDED CONTROL CHARACTERS 


IT 




IT 


- 




















TOTAL RCA CHARACTERS 




IT 










IT 
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30 


00|01 |02|03|04 


OS 


06 


07 


08 


09 


10| 11 


12 


13| 14 


IS 


16 


17 


18{ 19 


20 


21 


22 


23 { 24 


25 |26 


27 


28 1 29 


30 1 31 1 32 


33 


34 


35 


36 


37 { 38 1 39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 




♦_ACCG^-| 


1- 


tN 


T- 






k J 




ML 




i, 
























































f ^ 








W 




SOJSI I 52 1 S3 1 54 


55 


56 


57 


56 


59 


60| 61 


62 


63|64 


65 


66 


67 


68|69 


70 


7' 


72 


73l74 


75|76 


77 


78 1 79 


80 1 81 1 82 


83 


84 


85 


86 


87 I 88 {89 


90 


91 


92 


93 


94 


95 


96 


97 


98 


99 












































































^1 


Ooloi |02|03| 04 


05 


06 


07 


08 


09 


10| 11 


12 


13| 14 


15 


16 


17 


18] 19 


20 


21 


22 


23|24 


25 [26 


27 


28 1 29 


30 1 31 1 32 


33 


34 


35 


36 


37 { 3e{39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 




PROGRAM — 


















































II. J 
























50 |51 |52 53|54 


55 


56 


57 


58 


59 


60| 61 


62 


63|64 


65 


r;; 


67 


68|69 


70 


71 


72 


73|74 


75|76 


77 


78 1 79 


80 1 81 {82 


83 


84 


85 


86 


87 {88 89 


90 


91 


92 


93 


94 


95 


96 


97 


98 


99 












































































■^2 


00 |oi |02|03|04 


05 


06 


07 


08 


09 


io{ 11 


12 


I3{ 14 


15 


16 


" 


18| 19 


20 


21 


22 


23 1 24 


2S|26 


27 


28 1 29 


30 { 31 { 32 


33 


34 


35 


36 


37{ 3b{39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 














































































50 1 St 1 52 1 S3 { 54 


55 


56 


57 


58 


59 


60| 61 


62 


63 1 64 


65 


66 


67 


68|69 


70 


71 


72 


73 1 74 


75|76 


77 


78) 79 


80 {81 1 82 


83 


84 


85 


86 


87{88| 89 


90 


91 


92 


93 


94 


95 


96 


97 


98 


99 












































































33 


00 |01 |02|03| 04 


05 


06 


07 


08 


09 


10 1 11 


12 


13| 14 


15 


16 


17 


18 1 19 


20 


21 


22 


23 1 24 


25 1 26 


27 


28 1 29 


30 I 31 { 32 


33 


34 


35 


36 


37 { 38 { 39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 














































































50 51 52|53 54 


55 


56 


57 


58 


59 


60| 61 


62 


63 1 64 


65 


66 


67 


68|69 


70 


71 


72 


73(74 


75] 76 


77 


78 1 79 


80 {81 { 82 


83 


84 


85 


86 


87{88{ 89 


90 


91 


92 


93 


94 


95 


96 


97 


98 


99 












































































3^ 


00 loi |02 |03|04 


OS 


06 


07 


08 


09 


io| 1 1 


12 


13| 14 


IS 


16 


17 


18 1 19 


20 


21 


22 


23 1 24 


25 1 26 


27 


28 1 29 


30 { 31 1 32 


33 


34 


35 


36 


37 { 38 { 39 


40 


41 


42 


43 


44 


4S 


46 


47 


48 


49 














































































50 |51 1 52 53 54 


55 


56 


57 


58 


59 


60 61 


62 


63|64 


65 


66 


67 


68|69 


70 


71 


72 


73|74 


75|76 


77 


78|79 
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V. 



FLOW CHARTING & GuuING EXERCISE I 

Flow chart and code the following routine: to develop savings totals for each 
of the message in the Savings File. The input data appears as follows: 

acct no, first dep second dep third dep fourth dep total 
5 6 6 6 6 5 

Assumptions: 

1) The items are all fixed-variable. 

2) Total is carried as O's initially, all fields are loaded with 
insignificant zeros. 

3) Accumulate total in total item. 

4) Read in the information from tape deck 1. 

5) Write out the entire record to tape deck 2 . 



FLOW CHARTllTG & CODING EXERCISE II 

Flow chart and code the following routine to develop a total of the quarterly 
profits for each year of the company's existence. The information is to come in 
from paper tape in the format: 



I year 1 1st quarter! 2nd quarter! 3rd quarter 4th quarter total "J ?."^« 

jj^^sj^^^,^,,,,.,,.^^ I 7 7 7 Base 

Punch the full record out to the paper t|pe. 

Assumptions: S 

\ 

1) The items are all fixed-variable. 

I 

2) Total is carried as O's initially, all items are loaded with in- 
significant zeros. I 

i 

3) Accumulate total in total iteml 

j 

4) Write the entire record. ,; 
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XII - CARD INSTRUCTIONS 



Card Read Normal , Card Punch and Input-Output Control 



So far, we have limited our input and output to magnetic tape, but it is 
quite feasible that it might be cards. For this reason, we must have the ability 
to read and punch cards . 

Since there are two models of Card Reader and two models of Card Punch in 
the RCA 301 system, we shall discuss the card instructions for the Card Reader 
(600 CPM) and Card Punch (100 CPM) first and the Card Read Punch (800 CPM Read 
and 250 CPM Punch) second. 



CARD READER UNIT 

CARD READ NORMAL 

This instruction reads information from punched cards in the Card Reader and 
places this data into HSM. 

The OP code is (zero). 

N either determines the rate at which cards are to be read or is used in a 
card cycle ending routine. 



N 


RESULT 


1 


Reads single card (200 CPM) or ends continuous 




card reading 


2 


Used in continuous card ending routine 


4 


Used in continuous card reading cycle (600 CPM) 


M 


Used in alternate card reading cycle (300 CPM) 


8 


Ends alternate card reading cycle 



The A address gives the HSM location to receive the first character read 
into memory . 

The B address is zeros (0000) . 

Example : 

1 2900 0000 

Once this instruction is staticized, the Card Reader places a card in the 
read station. The first character is translated from card code to RCA 301 code 
and is transferred to the Card Reader buffer. From there it is placed in the MR 
and finally into memory at the location designated by the A register. The follow- 
ing 79 characters are placed in successive locations in HSM. The final character 
(column 80) is located at (A)^ + 79. 
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Automatic card translation does not take place if the BCT button on the Com- 
puter Console Panel is in the "on" position. Each card column is then split into 
two groups of six bits each, a parity bit is generated and added to each group, and 
the resultant two characters are transferred into HSM. 

The character represented by rows 9 through 4 in column 1 (row 9=2, row 4 = 
2O) is read into HSM at the location specified by the A register. Successive char- 
acters representing rows 9 through 4 are also read into memory with coliamn 80 being 
placed at (A)^^ + 79. The character represented by column 1, rows 3 through Y 
(row 3 = 2^, row Y = 20) is read into HSM at (A)^ + 80. Successive characters repre- 
senting rows 3 through Y are likewise read into HSM with column 80 being placed at 
(A)j_ + 159. The final A register setting is (A)^ + 160. 

In order to maintain a 600 card per minute rate, a Card Read instruction in 
which the N character is 4 must be executed for each card read. The successive card 
read instructions must be staticized before 100 milliseconds have elapsed. Approxi- 
mately 80 milliseconds are required to read one card leaving 20 milliseconds of 
compute time between cards. 

Continuous card reading is initiated when N=4. Since only the first of the 
three cards in the card reader transport mechanism is read by this instruction, the 
continuous card reading cycle, must be terminated by two card read instructions in 
which the N characters are 2 and 1 respectively to avoid a "feed" error. 

The card feed rate may be accomplished at 300 cards per minute by staticizing 
successive card read instructions every 200 milliseconds for each card read. The 
N character in the card read instructions must be M. Of this 200 millisecond card 
cycle, approximately 120 milliseconds are free for computing after the card has 
been read. 

This Alternate Card Reading cycle must be terminated by a Card Read instruction 
in which the N=8 . 

When Card Read instructions are staticized in which the N character is 1, cards 
may be read at any rate up to 200 cards per minute. No terminating instruction is 
necessary since only one card has been fed into the Card Reader transport mechanism 
by this instruction. 

CARD PUNCH NORMAL: 

This instruction enables the Card Punch to punch 80-column cards from informa- 
tion contained in HSM. 

The OP code is a 2 . 

"N" is a zero (0) . 

The A address gives the HSM address of the first character to be punched. 

The B address gives the HSM address of the last character to be punched. 

The information we wish to punch is located in memory from location 4500-4739. 
This indicates that we will be preparing three cards (80 x 3 = 240) . The instruc- 
tion is: 

2 4500 4739 
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The instruction is staticized and the Card Punch is activated, A scanning 
process begins which enables the Card Punch to prepare one row of one card to be 
punched at a time. It continues punching a row at a time until the A and B reg- 
isters are equal for the last row punched in a card. The punched cards are read 
to insure the accuracy of punching. 



CARD READER/PMCH UNIT 

CARD READ NORMAL: ' 

This instruction reads information from punched cards in the Card Reader/Punch 
and places this data into HSM 

The OP code is (zero). 

N - 



SYMBOL 


RESULT 


K 
1 


Binary read mode specified 
Translate read mode specified 






LThe A address gives the HSM l ocatio n to receive the first character read from 
punched cards . 



|_The B address is zeros (0000) 



This instruction directs the Card Reader/Punch to place a card in the read 
station and operates on successive characters in the following cycle. 

When the translate read mode has been specified (N=l) the character in column 
one of the punched card is automatically translated from RCA card code to RCA 301 
code and is placed in HSM in the location specified by the A register. The following 
79 characters are placed in successive locations in HSM. The final character (column 
80) is located at (A)j[ + 79. 

twhen the binary read mode has been specified (N=K) card card column is split 
into two groups of six bits each, a parity bit is generated and added to each group 
and the resultant two characters are transferred into HSM. 



\ 



The character represented by rows 9 through 4 in column 1 (row 9=2, row 
ij- = 2^) is read into HSM at the location specified by the A register. Successive 
characters representing rows 9 through 4 are also read into memory with column 80 
being placed at (A)j|^ + 79. The character represented by column 1 , rows 3 through 
Y (row 3 = 2^, row Y = 2*^) is read into HSM at (A)^^ + 80. Successive characters 
representing rows 3 through Y are likewise read into HSM with column 80 being 
placed at (A)j_ + 159. The final A register setting is (A) j^ + 160. 

A card read instruction must be staticized for each card read. In order to 
maintain an 800 card per minute rate, successive Card Read Instructions must be 
staticized before 75 milliseconds have elapsed. The 75 milliseconds card cycle is 
comprised of 21 milliseconds card feed access time, 44 milliseconds card read time, 
and 10 milliseconds time free for compute. When the read release option is, exer- 
cised (via the Input Output Control Instruction) , an additional 21 milliseconds of 
compute time is made available. 
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CARD PUNCH NORMAL: 

This instruction enables the Card Reader/Punch to punch 80-column cards from 
information contained in HSM. 

The OP code is 2 

N - 



{ 



N 


CARD PUNCH MODE 


& 

(zero) 


Binary 
Translate 



The A address gives the HSM address of the first character to be punched. 
The B address gives the HSM address of the last character to be punched. 



A start signal is sent to the card punch unit. The card punch punches 
the information from HSM between and including the locations addressed by the 
contents of the A and B registers, punching up to 80 columns to a card. When 
the A and B registers are equal, the last card is punched and the contents of 
the A register are incremented by one. 

When the binary punch mode is specified (N = &) , the A register denotes the 
memory location of the character to be punched in column 1, rows Y through 3. 
Each information bit results in a hole in the card (2*^ - row Y, 2^ = row 3). 
Successive characters representing rows Y through 3 are also punched from HSM 
with column 80 being punched from (A)j^ + 79. The character present at (A)^ + 80 
is punched into column 1, rows 4 through 9 (2^ = Row 4, 2^ = Row 9). Successive 
characters representing rows 4 through 9 are also punched from HSM with column 
80 being punched from (A)^ + 159. 

The card punched is read concurrently with the punching of the succeeding 
card to insure the accuracy of punching. 

INPUT-OUTPUT CONTROL: 

This instruction performs the Read Release, Punch Release and Stacker Select 
functions for the Card Reader/Punch. 

The OP code is ; . 

N - (. 

A Address - Ag , A-|^ , A2 - 000 (zeros). 

A3 - designates function to be performed: 
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FUNCTION 



1 
2 
3 

5 
6 
7 
8 
9 
sp. 



Select Reader Stacker No. 1 
Select Reader Stacker No. 2 
Select Punch Stacker No. it- 
Select Punch Stacker No. 8 
Read Release 
Punch Release 

Read Release and Select Stacker No. 
Read Release and Select Stacker No. 
Punch Release and Select Stacker No. 
Punch Release and Select Stacker No. 



B Address - 0000 (zeros) 

The A3 character is sent to the control module. After the operation is 
initiated, the registers are available for use by the next instruction. 



CARD EXERCISE I 

B. F. Swift Company has a weekly run to determine the total gross pay. Trans- 
actions come in from cards in the following fixed format: 

1-25 26-30 31-35 36-40 
Name Clock No. Base Pay Overtime 
25 5 5 5 

Compute total gross pay by adding overtime to base pay (columns 31-35 will be 
gross pay) and punch out name, clock no. and gross. 

Flow chart and code. 
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XIII - TAPE AND FILE TERMINATING 
TEST INSTRUCTIONS 

( REWIND. INPUT-OUTPUT SENSE. ED/EF SENSE. HALT ) 

The t ape programs that we have written up to this time have been "loop" pro- 
grams Thit is to sa~ once they got started there would be no way to stop them 
until the tape physically ended. Obviously, this is not desirable, so we musthave 
some way to be able to sense the end of tape, in order to be able to stop writing 
to it, and also be able to sense for the ED or EF on an input tape. 

Each reel of tape will be supplied with three physical markers: The first one 
is called BIC (Beginning of Tape Contact). This is located near the physical be- 
ginning of the reel, and it is at this point that data should be started. For this 
reason, it is advisable to rewind p_anb npw ta p^ pi^ppd nn a, tapg. station to BTC 
before beginning to record on it. 

The second marker is near the end of the reel. It is called ETW (End of Tape 
Warning). This device will trigger an indicator which can be sensed by the pro- 
grainmer, thus allowing him to prevent writing up to the physical end of the tape 
(PET), which would cause the computer to stop in an error condition. 



REWIND TO BTC: 

This instruction causes a designated '^^Fir^tl'T ^--^ne unlt.-tQ rewind the^taBg r_e_el 

^^^^^^^'zTT^^^ ^T'nrr Once it is initiated, the tape unit takes over and the com- 
p^iter'is f^e*'?5"''STSticize the next instruction. 

The OP code is ; . 

"N" identifies the tape station (1-6, A-F, J or N, L or P). 

The A and B addresses contain zeros (0000) . 



INPUT-Oi aEIITnaMaS: 

With this instruction, the programmer is able to gerg,&,iJj,a6Ha,iTidicator to 
see if it has been set and then choose the proper one of two sequences of instructions, 

The OP code is S. 

N gives the device to be sensed (1-6... A-F. J or N, L or P) . 

The A address gives in A^ a code that will ask the proper question. In this _ 
case, the question is "Has ETW been sensed?" and the code is a bit in the 2^ position, 
which would give us a 4. A;l_2 ^nd 3 are zeros. 

The B address gives the address of the next instruction to be executed if the 
condition exists, in this case if ETW has been sensed. 

Programming-wise , this implies that a test should be made for ETW baf^re^st- 
after^ ach write, so that when it is found, the transfer could be to a routine 
^^hi^Twould allow some steps to be taken to continue the writing on a new tape. 
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Example : 



The following is only a section of a program: 



1970 


S 


2 


4000 


2060 


1980 


8 


2 


1000 


1099 


1990 


V 


1 


0219 


1900 


2060 


8 


2 


2000 


2000 


2070 


» 


2 


0000 


0000 


2080 


Q 





0000 


0000 


2090 


' 


2 


0000 


0000 


2100 


V 


1 


0219 


1980 



Sense Tape Station 2 for ETW 

Write out the record to Tape Station 2 

Transfer back to the first instruction 

Write an ED (an ED is found at 2000) to tape 

Rewind tape 2 

Halt (To mount new tape) 

Rewind the new tape to BTC 

Transfer back to write of record 

When the sense is staticized it will examine the ETW indicator. As long as 
this IS not set (i.e., ETW has not been sensed by the tape unit), the P register 
will remain unaffected and the program will continue in sequential order, with 
the Write of the record occurring next. When ETW has been sensed, the indicator 
will be set and when the next Sense instruction is staticized, the contents of the 
P register will automatically go to STP (0216-0219) and then the contents of the 
B register will go to the P register. In this way the next instruction to be ex- 
ecuted will be a write of an ED to the completed tape. As you remember, an ED symbol 
indicates the end of the good data on a reel of tape. The tape can then be rewound 
to BTC, so that the operator can remove it when the operation is completed. 

The computer is instructed to Halt and wait for the operator to re-initiate 
the program. This allows him to remove the completed tape and mount a new tape 
Then, by hitting the Start button, the next instruction will be to rewind this new 
tape to make sure that it is on BTC and then transfer back into the program to pick 
up where it had left off, with the write of the record. Flow charted, the program 
would look as follows: 




42 



WRITE 
ED-* 
MAST 



43. 



RWD 
MAST 
TAPE 



44 



STOP 



RWD 
NEW 
TAPE 
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HALT: 



In our ETW routine, we mentioned one instruction we have not yet discussed, 
HALT. This stops the computer from staticizing the next instruction, causing the 
computer to cease operations. The OP code is Q (period) written as El • 

N, A, and B may contain numeric constants. 

The P register remains unaffected. 



CONDITIONAL TRANSFER OF CONTROL (EDA-F INDICATOR) : 

When we were writing to a tape we had to maintain a continual check for the 
end of the tape. When we sensed it, we placed an ED symbol that was to act as a 
sentinel for the end of data on the tape. It is only logical, therefore, that 
when we are reading data in from tape, we should watch for this symbol, and for 
the EF symbol which would indicate thf.t we had processed the last record in the 
file. In order to facilitate this, the tape stations are doing the actual sensing 
for these characters. When one or the other is found, an ED/EF indicator is set. 
It is the programmer's responsibility to continually sense this indicator. This 
is done by use of a CONDITIONAL TRANSFER OF CONTROL instruction. 

The OP code is W. 

"N" indicates what is to be sensed. In this case we want to sense the EF/ED 
indicator, so the code would be an 8. 

The A address gives the location of the next instruction to be executed if the 
EF/ED indicator is set. 

The B address gives the location of the next instruction to be executed if the 
EF/ED indicator is not set. 

Example: 

The file we are dealing with is only one reel in length, so that we can 
assume that the control symbol we will find will be an EF. Once it is found 
we want to end the run, which means that we must put an EF on the output tapes, 
rewind all the tapes and stop. Charted, this particular portion of the pro- 
gram would look as follows: 
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The coding would be: 



3600 4 5 
3610 W 8 



2500 2750 
3700 3620 



3700 8 3 3690 3690 

3710 ; 5 0000 0000 

3720 ; 3 0000 0000 

3730 • 0000 0000 



Read a record into memory from Tape 5 
CTC to sense EF/ED. 

Write an EF to the output tape (EF at 3690) 
Rewind input tape 
Rewind output tape 
Halt (End of Run) 



After each read, the EF/ED indicator is sensed. As long as it is not set, the 
program will continue to the instruction addressed by the B register. This is' 
accomplished because the current contents of the B register are placed in the P 
register. In our particular example, the P register will end up with the same 
address. Once the indicator is sensed, however, the program will transfer to 3700, 
which will cause the computer to place an EF on the end of the output reel in order- 
that it may be used as input tomorrow, with a sentinel to indicate its end. The 
next two instructions cause the tapes being utilized by the program to start re- 
winding to BTC and then the computer stops at the end of the run. 
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In order to examine a complete program, let's take our interest problem and 
incorporate what we have just learned: 
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EXERCISE I - TAPE AND FILE TERMINATING TESTS 



PROBLEM: 
INPUT: 

PROCESSING: 



Duplicate a file. 

One reel of tape containing records in the following format- 



Branch Acct No. 
3 8 



ID Code Activity Date Balance 
1 6 10 



OUTPUT : 



1) Read the records into memory starting at 1000 from deck 1 

2) Check for ED/EF and ETW. 

3) Write the message to an output tape on deck 2. 

4) If EF is sensed, proceed to end of job routine. 

5) End of procedure 

a) Write EF to output tape. 

b) Rewind both tapes . 

c) Stop 

6) Start Program at 2000. 
A duplicate tape. 
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XIV - DECISION MAKING INSTRUCTIONS 



( SECTOR COMPARE LEFT. CONDITIONAL TRANSFER OF CONTROL ) 

One of the most important functions of the computer is to make magnitus 
ftarisons, i.e., is 3457 equal to, greater than, or less than 5674? In order to do 
this we utilize two instructions : 

SECTOR CQjPARE LEFT:_ 

This instruction enables the program to compare two equal length sectors and 
indicate their magnitudinal relationships. The instruction compares the fields one 
character at a time working from 1 rft t" r-'-T-^ so that the first time the characters 
are unequal the operation can terminate, having determined the relative magnitude. 



The OP code is Y. 



f*^^^.^tfmHH >j^^-'<-s ^'^r^'-^-^.^.'^^^^. 



N is the number of characters" in each operand (remember that the o pe i^and s , must 
be equal in length) . Here again we make use of the "N" table shown on page XI-3. 

The A address is the HSM location of the leftmost character of the first operand, 
which we may think of as the gi inuend (minuend minus subtrahend equals difference.) 

The B address is the HSM location of the leftmost character of the second 
operand, which we may think of as the subtrahend . 

Again, the Previous Result Indicators are utilized. As you remember, there are 
three of them, and only one can be set at a time. If the first operand is greater 
than the second operand, the PRP (Previous Result Positive) is set; if it is equal 
to the second operand, the PRZ (Previous Result Zero) is set; if it is less than the 
second operand, the PRN (Previous Result Negative) is set. 

Example: 

Compare two stock numbers shown below: 

45 46 47 48 49 34 35 36 37 38 

34 3 3 5 6 3 23 3 3 6 3 2 

The instruction is: 

Y 5 3445 2334 

The instruction is staticized and the contents of the HSM locations addressed 
by the A and B registers are transferred to the D register (Data Register) . The A 
and B registers are increased by 1 and the 3 and the 3 are compared in the D reg- 
isters. Xhe N_register is decreased by 1 . They are equal so the next two characters 
are brought out and compared. Again they are equal and the comparison continues. 
When the 5 and the 6 are compared, they are found to be unequal. This will terminate 
the operation. The PRN is set (the second operand is greater than the first), and 
other than that nothing is affected. Both operands remain intact in the memory lo- 
cations that they were in originally. 

Having done the comparison , it is logical that we would wish to f ffl ] OW n ftTlf. of 
three "p^ths . de't)ending upon the result of the comparison. This is possible by 
utilizing the r;r^nrii-i-imTai Transfer of Control which senges the PRI ' s . 
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CONDITIONAL TRANSFER OF CONTROL (PRI's) 

Again this instruction enables us to branch our program depending upon a 
previous result, in this case the setting of the PRI's. 

The OP code is W. 

"N" this time will be a 1 , indicating that the PRI's are to be examined. 

The A address gives the location of the next instruction to be executed if 
the PRP is set. 

The B address gives the location of the next instruction if the PRN is set. 

If the PRZ is set, the P register will not be affected, and therefore the next 
instruction in sequence will be executed. 

Example: 

We have just compared stock numbers. Let us assume that these were read in 
from two files, the first file containing master information to be updated by 
transaction information coming in on the second file. We are now comparing the 
Master stock number and the Transaction stock number (the master having been read 
into 3440 and the transaction into 2330 and assuming that the stock number is the 
first item in each record) . If the master and the transaction have the same stock 
number, obviously we will want to post the information in the transaction against 
the master. If the master is greater than the transaction, the transaction refers 
to a non-existent stock master, which must then be developed. If the master is 
less than the transaction, we need a new master, so we must write out the present 
master and then bring in a new one. Briefly our chart looks like this: 



DEVELOP 
NEW 


M>T 


_ 'master 

JRANS. 


STOCK # : 
STOCK # : 


MASTER 






M = T 



M<T 



WRITE OUT 
MASTER 



POST 



Giving addresses at random to the two side paths, we'll say that the master 
preparation path starts at 6700 and that the write out of the old master path starts 
at 6850. Our series of instructions would then be: 

6540 Y 5 3440 2330 
6550 W 1 6700 6850 

6560 begins the processing path 

6700 begins the master preparation path 

6850 begins the write out of the old master path 

After the comparison instruction is done, the CTC is staticized, the computer 
then senses the PRI's and if the PRP is set, it places the current contents of the 
P register in STP and then places the contents of the A register into the P register. 
If the PRZ is set, the P register remains untouched and the program continues. If 
the PRN is set, as in our case, the contents of the P register are transferred to 
STP and then the contents of the B register are placed in the P register. Our 
particular example indicates that this master must be written out and a new master 
read in. 
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The following example will illustrate two comparisons, one for EF or ED (due 
to a multi-reel file) and the other a comparison of a constant (remains the same 
throughout the program) to the branch number. 



DECISION MAKING EXAMPLE 



PROBLEM: 



INPUT : 



A bank keeps a master account file for all its branches on one tape 
file. As individual branches become large enough to handle their 
own updating, it is necessary to strip the master file of all the 
records pertaining to that particular branch. This is the purpose 
of your run. 

Bank Master Account File on magnetic tape deck 6. 

Branch Acct # ID Code Activity Date Balance on Hand 
3 8 16 7 



PROCESSING: 



OUTPUT: 



1) Read Master File Record 

2) Select all messages pertaining to a particular Branch indicated 
by card input and write these to a separate tape on deck 2. 

3) Write all other messages of the file on deck ^■. 

4) End of Job: a) Write EF to output tapes; b) Rewind tapes; 

c) Stop 

1) A branch master tape containing all messages pertaining to the 
branch indicated on the card. 

2) A new master tape containing all other messages. 

See Uik-^^5^^^ 
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DECISION MAKING EXERCISE I 



PROBLEM : 



INPUT: 



PROCESSING: 



OUTPUT: 



A company wishes to run a sales analysis on certain stock items. A 
work tape is to be prepared for this later run by extracting all 
messages pertaining to those items from the master inventory file. 

1) Master Inventory File on tape deck 5. 

a) One reel 



7 

STK # 

1) 



ACTIVITY DATE 
Read a master. 



25 
DESCRIPTION 



QTY ON HAND 



2) Select all messages pertaining to stock numbers 0000100 through 
OOOllll and write these messages to magnetic tape on deck 3. 
Make these constants a part of the program. 

3) Write all other messages to a separate magnetic tape on deck 1. 

4) End of Job: write EF to output tapes, rewind tapes, stop. 

1) A work tape containing all active messages 
a) One reel 

2) A second tape containing all inactive messages 
a) One reel 



REVIEW EXERCISE I 



PROBLEM : 



ASSUMPTIONS : 



Update all the messages in a master retirement fund file having the 
format: 



1) 
2) 
3) 

4) 

5) 



ACCT ft 
5 



1-5 

ACCT ff 

5 



BALANCE 
7 
(loaded with insignificant zeros) 

7-13 
CURRENT DEPOSIT 
7 
(loaded with insignificant zeros) 



Only one reel of master information. 

If ED or ETW sensed, stop. 

If transaction account number is less than the master account 
number, the transaction is out of sort. 

There is only one transaction per message. 

The EF of the reference file will occur at the same time as a 
blank terminal card. 



XIV-8 



PROCESSING: 



REQUIRED: 



1) Read the transaction into memory at 1500 from card. 

2) Read the master message into memory at 1500 from deck 3. 

3) Check for ED/EF. If EF, go to end of run routine. 

4) Compare the Master Account Number and the transaction account 
number : 

a) If M > T 

-1-Sort error; stop 

b) If M < T 

-1-Sense the end of tape deck 1 

-2-Write out the master message on deck 1 

-3-Go back to read in a new master 

c) If M = T continue processing 

5) Add the current deposit to the balance. 

6) Sense the end of tape on deck 1 and write the updated master 
to deck 1. 

7) Go back and read in a new transaction and a new reference. 

1) Functional and Detailed Charts 

2) Coding 



3) HSM layout 
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XV - DATA HANDLING INSTRUCTIONS 



(SUBTRACT, TRANSFER DATA RIGHT, TRANSFER DATA LEFT, TRANSFER SYMBOL TO FILL) 



Having learned most of the essential instructions, we will now investigate 
some more of the Tia-tfi ti'^f"^"' ^ti? -ii 



SUBTRACT: 



^■v^Vr -^ U^"^ 



Obviously, it is as important to be able to subtract as to add. The subtract 
instruction works in a manner similar to the add instruction. Again it is table 
look up arithmetic on equal length operands, with the difference replacing the 
minuend (minuend minus subtrahend equals difference) and the PRI ' s being affected. 

The OP code is Q (minus) . , , , , 

N gives the number of characters in each operand (0-44) . 

t" 

The A address gives the location of the ip^^^.^t s ignificant digji; of the minuettd 

and naturally, the difference. 

i 

The B address gives the location of the le^st sign ificant digi t of tRe sub- >.J 

trahend. 

(All the rules are the same, aj^h thp p^ofpti n-n tha t if the signs start out 
ai*tee-, the difference table is used; if they are initially unlike, the sum table 
is usedTJ 






%«:^-4^ 



^F-^^i- 



Example : 



0317 



1 0317 0442 (assume signs are alike) 
0442 




TRANSFER SYMBOL TO FILL: 






Suppose you should bring in a transaction that had a 7 digit amount and you 
were required to add this amount to a 10 digit field. Obviously, you must be able 
to place 3 insignificant zeros in front of this transaction amount. This could be 
accomplished with a TRAWSFTCR . ^Jv^priii T^ tttt.t iTnoi-rii^i-i.^-n which allows the programmer 
to fill any size sector of memory with any given character. 
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The OP code is a J. 

N gives the character to be used. 

The A address gives the left hand end address of the sector to be filled. 

The B address gives the right hand end address of the sector to be filled. 

Example: 

In our problem stated above, we desire to load insignificant zeros. Let us 
say that the information is coming from cards, and that the format of the card is 
as follows: 



Stock number 


Amount 


5 


7 


col 1-5 


11-17 ' 



If we read this into memory starting at 8900, we would have: 

00 01 02 03 Oil- 05 06 07 08 09 10 11 12 13 14 15 16 
89 XXXXX-----XXXXXXX 

Since the location 8907-8909 are not used for data, we could fill these with zeros 
using the SF instruction: 

J 8907 8909 

Once the instruction is staticized, the character in N is- placed in the loca- 
tion mentioned by the A register, A is increased by 1, and this process continues 
until the desired character is placed in the location mentioned by the B register. 
This would leave us with: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 
89XXXXX---00 0XXXXXXX 

which gives us a 10 character field to use as an addend. 

TRANSFER DATA RIGHT : 

Suppose we had the same problem, but the data was coming in from paper tape, 
so that when it fell in memory, there would be no locations free to place the zeros. 
In that case we would have to set up a "work area" which is simply a portion of 
memory utilized by the programmer as a "scratch pad". We could then fill the 
first three characters with zeros at the beginning of our program-, and then (after 
reading, in each new transaction) simply transfer the transaction amount from the 
original read in area to the work area. To do this, we will need an instruction 
that has the facility to transfer data from one location to another in memory. 
One such instruction is Transfer Data Right. 

The OP code is N. 

The "N" character indicates the number of characters in the sector to be 
transferred, and again we utilize the "N" table. The A address gives the right 
hand end location of the data to be transferred. 

The B address gives the right hand end location of the area to receive the data. 
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Example: 

Suppose the same data came into memory from paper tape and was placed in memory 
starting at 7500: 

00 01 02 03 Ok 05 06 07 08 09 10 11 
75 1 2 3 4 5 3=f7 k 2 9 

"W ' V ' ' ^ V — ^ 

STOCK ff AMOUNT 

We would then desire to transfer the amount to a work area which we have already 
loaded with three insignificant zeros. The work area is located at 1590-1599: 

90 91 92 93 9H- 95 96 97 98 99 
15 000------ T 

Our transfer instruction would be: • 

N 7 7511 1599 

The character addressed by A will be placed in the location designated by B. 
The A and B registers are then decreased by 1 . N is decreased by one and sensed 
forO. Since it is not zero the process will continue. - When N does reach zero, 
.the instruction will terminate. We will then have in memory: 

00 01 02. 03 04 05 06 07 08 09 10 11 
75 12 3453 7 42 9 00 

90 91 92 93 94 95 96 97 98 99 
15 0003742900 

As you can see, the -tpansfer is not destructive, i.e., when .the characters 
^ are picked up from their original locations, they are regenerated in those loca- 
tions so that, i[t^.th£termijiat^onofthe__i^ 
plac es (t:, ba.., or iginal location and the destination, location) . 

TSANSFER DATA LEFT : 

The same operation could have been accomplished moving the data from left to 
right instead of right to left. 

The OP code is M. 

"N" is still the number of characters to be transferred. 

The A address gives the location of the leftmost character to be transferred. 

The B address gives the location of the leftmost destination location. 

The instruction: 

M 7 7505 1593 

would cause memory to end up in the same condition as the DR instruction did. The 
only difference is that the A and B registers wou l d b e _i nc..r eased b y^ one^_af t er^^ eaj:ji„ 
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DATA HANDLING EXERCISE I: 



PROBLEM: 



INPUT: 



PROCESSING: 



OUTPUT: 



Perform a verifying run on Master Inventory File to assure ascending 
sequence of records. 

1) Master Inventory File on deck 1. 



a) 
b) 



One reel 
Format 



7 

STK # 

1) 
2) 



ACTIVITY DATE 
Read a Master in 



25 

DESCRIPTION 



QTY ON HAND 



3) 
4) 



Sequence Check the criterion stock number. Assume that first 
record is in correct sequence and that multiple records concerning 
the same stock number are feasible. 

Write Non-Sequence messages on an error tape, deck 3. 

Write the properly ordered file to tape on deck 5. 



5) When all messages have been processed, place EF on output tapes, 
rewind all tapes, and stop. 

1) Master File in proper sequence on tape deck 5. 
a) One reel 

2) Out of sequence messages on error tape deck 3. 
a) One reel 



DATA HANDLING EXERCISE II 

The problem is to update the master payroll information and then prepare a card 
to be punched out with weekly information. 



INPUT : 



PROCESSING: 



1) Master Payroll Information (one reel) 

EMP # NAME ST. ADDRESS CITY-STATE ADDRESS NET PER WEEK TOTAL CS.OSS 
5 25 18 20 6 7 

2) Transaction information (cards) 



EMP tt 
5 
cols: 1-5 



GROSS PER WEEK 
6 
6-11 



1) Initially clear the punch area to spaces and a work area to zeros. 

2) Read in a transaction. 

3) Read in a master. 
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4) 



Compare the employee numbers. If the Master employee number is 
greater than the transaction employee number, assume a sort error 
and stop. If they are equal, continue to process. If the Trans- 
action is greater than the Master, write out the master and bring 
in a new master. (Assume one transaction against a master.) 



5) Processing consists of: 

a) Updating the Total Gross item in the Master. 

b) Transferring the following information so that a card can 
be produced with the given specifications: 

EMP ft NAME ST. ADD C-S ADD NET PER WEEK 
1-5 7-31 33-50 52-71 75-80 



6) 



c) Punch the card 

d) Write out the master and bring in a new transaction and master 

When all messages have been processed, place an EF on the output 
tape, rewind the tapes and stop. 



REVIEW EXERCISE 



ii: 5eo P\-- ^^^ 



PROBLEM : 



INPUT : 



To update the Master Checking Account Information of a Bank, and 
prepare an overdraft notification card if necessary. 



1) Master Information (1 reel) 

ACCT # NAME ST. ADD C-S ADD TOTAL DEPOSITS. TOTAL CHECKS 
7 25 18 19 9 9 



\Gi1 - 'ti- 
BALANCE 



I. 



2) Transaction Information (cards) 



ACCT # 
7 
cols. 1-7 



CODE 
1 



AMOUNT I > 
5 
9-13 



The code will either be a C or a D, standing for Check or Deposit. 

Assume that there will never be more than one transaction per master. 

• PROCESSING : 1) The problem is to update the master by adding a deposit to both 

the total deposit amount and also to the balance, or adding a 
check to the total check amount and subtracting it from the balance. 

2) After subtracting a check from the balance, the programmer should 
determine if the balance is negative (treat a zero balance as a 
plus). If so, an overdraft card should be prepared to be sent to 
the customer. The format of this card is: 

ACCT ff NAME ST. ADD C-S ADD BALANCE 
1-7 9-33 35-52 54-72 74-79 
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XVI - PRINTING 



PRINT AND PAPER ADVANCE 

So far we have learned how to read from and write to magnetic tape, read and 
punch paper tape, and read and punch cards. The next output device is the printer. 

The On-Line Printer prepares documents at aerate ot(§6ojk>r 1000 lines per minute 
depending on the mode. A line may consist of/'l2(J or 160 character_lo.aaJ;ions ."" 

The Printer sends a signal to the computer telling it what character on the 
print wheel is to be printed next. The computer uses this signal to develop an 
address in the print table which is stored in HSM. The character addressed in the 
print table is extracted and stored in the Print Register. |,The data to be printed 
is compared with the character stored in the Print Register until 120 or 160 con- 
secutive memory locations have been checked. This checking for one character is 
known as a "scan". As each character is checked, a one bit is sent to the printer 
shift register for an equality, a zero bit is sent for each non-equality. At the com- 
pletion of a scan, the shift register contains a one bit in every position on the line 
in which this character is to be printed. The one bits are then used to trigger the 
corresponding print hammers. The following is the Print Table and where it is stored 
in HSM. 
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Character 


Toble Location 


daracter 


Table Location 


Mofflory Size 


Memory Size 


10,000 


20,000 


40,000 


10,000 


20,000 


40,000 


- Minus 


9900 


1900 


Z900 


A Letter 


9940 


1940 


Z940 


+ Plus 


9901 


1901 


Z901 


B " 


9941 


1941 


Z941 


Space 


9902 


1902 


Z902 


c '• 


9942 


1942 


Z942 


Zero 


9903 


1903 


Z903 


D " 


9943 


1943 


Z943 


1 One 


9904 


1904 


Z904 


E " 


9944 


1944 


Z944 


2 Two 


9905 


1905 


Z905 


F ■■ 


9945 


1945 


Z945 


3 Three 


9906 


1906 


Z906 


G " 


9946 


1946 


Z946 


4 Four 


9907 


1907 


Z907 


H '■ 


9947 


1947 


Z947 


5 Five 


9910 


1910 


Z910 


1 


9950 


1950 


Z950 


6 Six 


9911 


1911 


Z911 J " 


9951 


1951 


Z951 


7 Seven 


9912 


1912 


Z912 


K " 


9952 


1952 


Z952 


8 Eight 


9913 


1913 


Z913 


L " 


9953 


1953 


Z953 


9 Nine 


9914 


1914 


Z914 


M " 


9954 


1954 


Z954 


, Comma 


9915 


1915 


Z915 


N " 


9955 


1955 


Z955 


. Period 


9916 


1916 


Z916 


O " 


9956 


1956 


Z956 


gAt 


9917 


1917 


Z917 


P " 


9957 


1957 


Z957 


% Percent 


9920 


1920 


Z920 


Q " 


9960 


I960 


Z960 


: Colon 


9921 


1921 


Z921 


R " 


9961 


1961 


Z961 


# Number 


9922 


1922 


Z922 


S " 


9962 


1962 


Z962 


$ Dollar Sign 


9923 


1923 


Z923 


T " 


9963 


1963 


Z963 


) Close 

Parenthesis 


9924 


1924 


Z924 


U " 


9964 


1964 


Z964 


" Quote 


9925 


1925 


Z925 


V " 


9965 


1965 


Z965 


10 Sub 10 


9926 


1926 


Z926 


W " 


9966 


1966 


Z966 


( Open 

Parenthesis 


9927 


1927 


Z927 


X " 


9967 


1967 


Z967 


] Close Bracket 


9930 


1930 


Z930 


Y " 


9970 


1970 


Z970 


; Semicolon 


9931 


1931 


Z931 


Z " 


9971 


1971 


Z971 


> Greater Than 


9932 


1932 


Z932 


CR Credit Symbol 


9972 


1972 


Z972 


■r Divide 


9933 


1933 


Z933 


' Apostrophe 


9973 


1973 


Z973 


t Arrow Up 


9934 


1934 


Z934 


* Asterisk 


9974 


1974 


Z974 


[ Open Bracket 


9935 


1935 


Z935 


& Ampersand 


9975 


1975 


Z975 


< Less Than 


9936 


1936 


Z936 


/ Virgule 


9976 


1976 


Z976 


= Equal Sign 


9937 


1937 


Z937 


H Lozenge 


9977 


1977 


Z977 



* Four of the 64 code configurations will not be available as standard 301 codes 
but can be generated by computer programming. Also, some of the 301 symbols 
do not appear in this list so that other symbols may be chosen to represent 
the 301 symbols. It is advisable to prevent energizing the hammers for spaces 
by placing the code (17)g in location 9902, 1902, or Z902. In fact, the code 
(17)8 can be placed in any location in the table when it is desired to prevent 
printing of the associated character. For this reason, too, any (17)g codes 
appearing in the print area will never cause printing of any character. 
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The Synchronous Mode permits only 47 characters to be printed since a complete 
line of print and paper advance to the next print line is accomplished during each 
revolution of the print drum. The letter "A" is always the first character for 
which HSM is scanned, and the period is the last. The Asynchronous Mode permits all 
64 characters on the print drum to be printed in one full revolution, and paper ad- 
vance occurs in a portion of the next print drum revolution. Scanning can proceed 
with the next character in sequence on the print drum at the conclusion of the paper 
advance function. 

Once the full line has been printed, it is necessary to advance the paper so 
that the next line will not be printed on top of this one. This is done in one of 
two ways : 

1) the computer can count the number of lines to advance, or 



2) 



the paper advance can be controlled by a tape loop. 



The tape loop mentioned can be thought of as a reinforced piece of paper tape. - 
It is divided into two parts or "channels", the first controlling the Page Change (21) 
type of paper advance and the second controlling the Vertical Tabulation (20) . This 
tape is punched so that the holes correspond to the locations of the lines to be 
printed. In this manner, it corresponds to the vertical layout of several sheets. 
This tape is then spliced together to form a loop and is placed on the printer so that 
it corresponds with the blank paper. 

Once a line is printed, and paper advance under control of the VT channel of the 
tape loop is requested, the paper will advance until it senses the first hole in the 
VT channel. 

This occurs when the tape, which is passing between a photo-electric cell and a 
light, allows the light to hit the cell. This stops the paper, and the printer is 
ready to print the next line. The same sort of procedure would be followed if we re- 
quested control by the PC channel, the difference being that the sense would be made 
for a hole in the page change channel . 

PRINT AND PAPER ADVANCE NORMAL: 

This instruction allows the printing of one 120 or 160 character line on the On- 
Line Printer. It can also cause the positioning of paper for the next line of writing. 

The OP code is B, 

"N" supplies 2 types of information. The numeric portion indicates the number of 
lines to be advanced if the computer is to count the lines. This is limited to 0-14. 
The zone bit, 2^, indicates which of two possible printers is to be used. 



ASYNCHRONOUS MODE 


SYNCHRONOUS 


LINE # 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


1 


1st 
PRINTER 





1 


2 


3 


4 


5 


6 


7 


8 


9 




# 


@ 


( 


) 


J 


2nd 
PRINTER 


& 


A 


B 


C 


D 


E 


F 


G 


H 


I 


+ 


Q 


; 


: 


J 


/ 



The A address must be zeros (0000) , 



XVI -3 



The B address contains the LHE of data to be printed excluding B3 . 

Eg - MSD of address 

Bx - if even, printing will occur. If odd, printing will not occur. 

B2 - always zero 

B3 - indicates type of paper advance. 



B3 


TYPE OF PAPER ADVANCE 





None 


1 


Paper Advance using N Register 


2 


Vertical Tab (using Tape Loop) 


3 


Page Change (using Tape Loop) 



It is up to the programmer to edi t the line for printing. 



g..f 



,0 



Example: 



br,^ ,--,ft: TlDC S.ftf^-. v^i-" t?* • '+^4^- >- 



«'. 



The problem is to print out |a list of employee numbers", section numbers, and 
names. The information is coming in from magnetic tape mounted on tape station 3 
(one reel). The input is in th^' format: 



ACCT # SEC # NAME 
5 3 25 



TOTAL GROSS TOTAL SS 

/ ' ' 



The print format is to hk : 

ACCOUNT ff 
Print Positions > Jl-15 



SECTION # 
21-23 



TOTAL WITH. 
6 



NAME 
31-56 



TOTAL NET 
7 



Assume that the VT channel of the tape loop has been punched to take care of all 
paper advance desired. 



y^i 



\i.' 



"P^y I^ '•;.' ■■. iff-. ■', 



V 



f, « c 
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. START 




housekeeping: 
clear print area 

RWD TAPE 




YES 



TRANSFER 

ACCT# ». PR A 



TRANSFER 

SEC # ► PR A 



TRANSFER 

NAME ►- PR A 




PRINT 

AND 

PAPER ADV. 
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20 


00|01 ]02|03|04 


05| 06| 07 


08 


09 


io| 1 1 


12 13 


Ji 


15 


16 


17| 18| 19 


20 1 21 1 22 1 23 1 24 


25 1 26 1 27 1 28 1 29 


30 1 31 1 32 1 33| 34 


SSl 36l 37I 38l39 


40 


41 |42 |43| 44 


45 ( 46 ( 47 


48(49 




^EMP # — * 


jpc # 




-1 


AMR- 
















— » f-^^V-V; > 


^ 


-TOTSS — » 


«_jpOrn 


WTTTT 




SOjSI |S2| 53| S4 


55 


56 1 57 


se 


59 


eojsi 


62|63 


64 


65 


66 


67 1 68|69 


70 |71 1 72|73| 74 


75 |76| 77| 78| 79 


80 jei 1 82| 83| 84 


as] 86 1 87 1 88 1 89 


90 


91 |92 |93|94 


95 ( 96] 97 


98 ( 99 




,,— ;TQT W 


_ 


































* 


21 


OOJOI {02 


03|04 


OS 1 06 1 07 


08 


09 


10| 11 


12| 13 


14 


15 


,6 


17| 18| 19 


20 |21 1 22 |23| 24 


25 1 26 1 27 1 28 1 29 


30 1 31 1 32 1 33| 34 


35| 36| 37| 38|39 


40 


41 [42 1 43 1 44 


45 1 46 ( 47 


48 ( 49 










































SO 51 S2 S3 54 


S5 56 


57 


58 


59 


6o{ 61 


62 63 


- 


65 


66 


671 68 59 


70 |71 I72I73 74 


75 76|77|7b|79 


80 |81 |82|83| 84 


85 86 1 87 las 1 89 


90 


9l|92|93 94 


95 96 97 


98 99 








































22 


00 |01 {0z|03| 04 


05 I 06|07 


08 


09 


io{ 11 


12{ 13 


14 


15 


16 


17| 18| 19 


20 I21I22I23I24 


25 1 26 1 27 1 28 1 29 


30 1 31 1 32| 33| 34 


35| 36| 37| 38| 39 


40 


41 [42 1 43| 44 


45 1 46 ( 47 


48 ( 49 


PRINT 




- — - 


_ 


,. 


EMP 


f 




- 


- 


_ _ _ 


SECT.# - - 






HAME- 












50 51 52 1 S3 1 54 


SSJ 56{ 57 


58 


59 


60 


61 


62|63 


64 


65 


66 


67 1 68|69 


70 [71 1 72|73| 74 


75 |76| 77| 78| 79 


80 |81 |82| 83| 84 


85|86 |87 |88| 89 


90 


9lj92|93|94 


95(96( 97 


98 1 99 






- - - 


- 


- ■ 


- - 


- - 


- 


- 




- - - - 










- 


_ _ _ _ 


_ _ _ 


- - 




Z\ 


00 |01 |02] 03| 04 


05 1 06 1 07 


08 


09 


10 1 11 


12| 13 


14 


15 


16 


17 1 18 1 19 


20 |21 |22|23|24 


25 1 26 1 27 1 28 1 29 


30 1 31 1 32| 33| 34 


35| 36 1 37 1 38 1 39 


40 


4t|42|43|44 


45 ( 46 ( 47 


_48]_49 






_ _ _ 


- 


- 


. _ . 


- - 


- 


- 




_ — _ w 




















50 51 52|53 54 


55 1 56 1 57 


58 


59 


60 61 


62 63 


64 


65 


66 


67 68 69 


70|7l|72 73(74 


75 76 1 77 1 78 79 


80 jsi |82|83| 84 


as] 86 87 88 1 89 


90 


91 |92 |93|94 


95(96(97 


98 ( 99 








































2h 


00 |01 |02|03|04 


OSI 06| 07 


OB 


09 


10| 11 


12| 13 


14 


15 


16 


17 1 18 1 19 


20 1 21 [22 [23 { 24 


25 1 26 1 27 1 28 1 29 


30 1 31 1 32 1 33 1 34 


35I 36 1 37 1 38 1 39 


40 


41 |42 I43 I44 


45 ( 46 ( 47 


48 ( 49 




PROGRAM- 










































■ 




50|51 |52|53|54 


55 1 56 1 57 


SB 


59 


60| 61 


62|63 


64 


65 


66 


6?! 68| 69 


70 71 |72|73|74 


75 1 76 77 1 78 1 79 


SO jal |82|83| 84 


85|86 |87 |8e|89 


90 


91 |92 (93 |94 


95(96 (97 


98 ( 99 








































P"^ 


00 01 02|03 04 


05| 06| 07 


08 


09 


10| 11 


12| 13 


14 


15 


16 


17 18 19 


20 21 22 1 23(24 


25 I 26 1 27 1 28 1 29 


30 1 31 1 32| 33| 34 


35 36 37 1 38 1 39 


40 


41 |42 I43 I44 


45 (46 I 47 


48 


49 










































50|51 |S2|53|54 


55 1 56 1 57 


58 


59 


60|61 


62|63 


64 


65 


66 


67|68|69 


70 |71 I72I73I74 


75 1 76 1 77 78 79 


80 |b1 {82{83| 84 


as] 86 |87 |88 89 


90 


91 92 1 93(94 


95(96 (97 


98 ( 99 








































26 


00 


01 02 03 04 


05 


06 


07 


08 


09 


10 1 1 


12 13 


14 


15 


16 


17 18 19 


20 21 22 1 23] 24 


25 1 26 27 28 | 29 


30 1 31 1 32 1 33{ 34 


35 36 37 


38 


39 


40 


41 42 


43(44 


45|46 


- 


48 


:^ 










































SO JSI I 52 1 53 1 54 


55 1 56 1 57 


58 


59 


60|61 


E2|63 


64 


65 


66 


67|68|69 


70 |71 |72 |73 74 


75 76 1 77 1 78 1 79 


80 |81 |82[83[ 84 


85|86 |87 |b8|89 


90 


91 |92 (93 (94 


95(96 (97 


98 ( 99 
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00 |01 |02|03|04 


05 1 06 1 07 


08 


09 


10| 11 


12| 13 


14 


15 


16 


17 |l8 1 19 


20 |21 |22 |23|24 


25 1 26 1 27 1 28 1 29 


30 |31 1 32| 33| 34 


35J 36 1 37 1 38 1 39 


40 


41 |42 [43 |44 


45 1 46 ( 47 


48 


...^ 






































SO 


51 


52 S3 


=4 


55 


56 


57 


58 


59 


60 


61 


62|63 


64 


65 


66 


67 68 69 


70 71 72 73 74 


75 1 76 1 77 78 79 


80 81 82 83 84 


85 B6|87 |88|89 


90 


91 92 93 94 


95 96 97 


98 99 




, , , 
































2a 


00 


ot 


02 


03 


04 


05 


06 


07 


08 


09 


10 


1 1 


12| 13 


14 


15 


16 


17 18 19 


20 |21 22 23 24 


25 26 27 28 29 


30 31 32 33 34 


35 36 1 37 38 1 39 


40 


41 |42 |43 |44 


45 46 47 


48 49 






































50 |51 |52|53| 54 


55 1 56 1 57 


58 1 59 


60|61 |62 {63 


64 


65 


66 


67 |68|69 


70 [71 |72 |73|74 


75 |76|77|78| 79 


80 |81 |82|83| 84 


es|86 |87 jaajag 


90 


91 |92 [93 (94 


95(95(97 


98(99 
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00 |01 |02 |03 |04 


a5|06 |07 


08 |09 


10 1 11 1 12 1 13 


14 


15 


16 


17| 18| 19 


20 |21 1 22 1 23 1 24 


25 1 26 1 27 1 28 1 29 


30 1 31 1 32 1 33 1 34 


35|36 1 37 1 38 1 39 


40 


41 1 42(43 ( 44 


45 ( 46 1 47 


48 ( 49 






































50 |51 |52|S3| 54 


55 1 56 I 57 


58 59 


60 61 62 63 


64 


65 


66 


67 68 69 


70 |71 |72|73 74 


75 76 77 1 78 1 79 


80 jSl |82|82| 84 


85|86 87 88 89 


90 


91 (92(93(94 


95 96 97 


98 


99 
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PRINT- EXERCISE : 

PROBLEM : To prepare a list of names and addresses of each account in the file, 

INPUT: A file containing account information of the format: 

,^, ACCOUNT # NAME ST. ADD C-S ADD TOTAL CREDITS TOTAL DEBITS BAL. 
* i""" 7 25 30 25 10 10 8 

This file is multi-reel. 



PROCEDURE: 1) Read in a record. 



2) Print out the name on one line (starting at the first print 

position) , the street address on a second line directly under 
it, and the city-state address on a third line (single space 
between the three lines and assume the VT channel is set up 
for the desired paper advance between the records). 

3) Do this for every record in the file, allowing for a new reel 
when required. 
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XVII - ITERATIVE CODING 



( TALLY ) 

njab^g^of„,J;«jJiS..,SP4.JA^ This is gfffTgr'T^^Sflve coding , 

One example of this might be a program which is to write out 100 records to a 
work tape and then stop. This means that, instead of a program transfer instruction 
at the end of the main path, we need a type of conditional transfer. One way it 
could be handled is to keep count of the number of writes which have been performed, 
by adding a 001 to a work area which was initially cleared to 000. Then we would 
have to continually sense this counter work area for 100. 

Until it is found, we can continually go back to read in a new record and then 
write it out. When it is found, we can go to an end of run routine. These steps, 
however, would greatly increase our running time, which, of course, we are trying to 
keep at a minimum. For this reason, we have one instruction called TALLY that works 
in a reverse direction. That is, it starts out with the maximium number and decreases 
by one every time it is executed. 

TALLY : 

The OP code for this instruction is X. 
The "N" character is zero. 

■ ,- •. . '■ ' l2li \ 

The A address gives the HSM location of the diad containing the quantity to be 
tested. This is often referred to as a TalLj/^CougJer . The maximum value of the tally 
quantity is 99. . 

The B address gives the location of the m,?Lt^, instruction to be performed if the 
quantity being tested has not been exhausted. When the quantity has been exhausted, 
the^SextD^istruction m sequencewill be executed. 

Example I : 

Our problem was to write the first 100 records of a file out to tape. Our input 
contains records, 200 characters in length, and it is mounted on tape station A. The 
output is to be on tape station C. 
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You will note that the tally quantity is 99. Since we have already executed 
the write one time before we came to the Tally, we desire to transfer back only 99 
times . 

When the Tally instruction is executed, the contents of the tally counter 
addressed by A are sent to the D register. If the quantity is not 00, the contents 
of the P register are sent to STP and the contents of the B register are transferred 
to the P register. The contents of the D register are decreased by ^ V ^"^ replaced 
at the address designated by A. If the D register does contain 00, the next instruc^ 
tion is staticized without affecting the P register. 

Example 2 : 

A second example of the use of a Tally is connected with printing. Our problem 
(stated in the last chapter) was to print out each employee's number, section and 
name on one 1 ine . 

We assumed that the VT channel of the tape loop had been punched to take care 
of any paper advance. Suppose, however, that this was not true, and we had to arrange 
to do this in our program. Our particular size of paper allows us to print the in- 
formation concerning 25 employees on one page. Having accomplished this, we want to 
page change and then repeat the process. In other words, after printing 25 lines, we 
want to cause the paper advance control to be thrown to the PC channel , rather than 
having the computer cause the printer to double space. In order to do this, we have 
to be able to keep a count of the lines we have printed. 

Again the Tally can be utilized. We can tally to the regular print routine 24 
times. On the 25th, we will go to the print routine that executes a Page Change. 
Notice that we must reset the tally counter after printing out each group of 25 lines. 
This is necessary since the tally quantity is physically reduced each time the in- 
struction is executed. If we did not set it back to 24, it would register 00, and 
from that point on we would print one line, page change, print another line, page 
change, etc. 
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ITERATIVE CODING EXERCISE I 

PROBLEM : Search a file for the first ten messages containing a specified 
identification code. 

INPUT: 1) Master Sales File mounted on tape E. 

a) One reel 

b) Format 

CODE SALESMAN'S NAME REGION BR. OFFICE YRS . SERVICE SALES TO DATE QUOTA 
2 25 8 8 9 Qo 



PROCESSING: 



OUTPUT : 



1) 



2) 



Search the master file for the first ten messages which contain 
the identification code brought in from a card. 



Write the selected messages to tape trunk 5 

3) Write the other messages to tape trunk 1 

4) When 10 selected messages have been written go to end of job 
procedure . 

5) End of job procedure: 

a) Write EF to output tapes. 

b) Rewind all tapes. 

c) Stop. 

1) One reel containing all selected messages. 

2) One reel containing all non-selected messages. 



ITERATIVE CODING EXERCISE II 

PROBLEM : Using the same problem mentioned in the chapter on printing, page XVI-8, 
single space between the lines of one address, triple space between 
addresses, and page change after printing 10 addresses. 
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XVIII - ADDRESS MODIFICATION 



(LOCATE SYMBOL LEFT) 



In all of our programs to date the instructions we wrote remained intact through- 
out the running of the program. It is quite possible, however, that we might desire 
to change qertain addresses within the program. This process is called J^^address^ 
modification". ' " " 

One example of this is illustrated in the following program: 
We have a table in memory. 
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I0T4I 42j 43 44 
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50|51|52|53 54 


55[56 57|58f-59 
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9 6 7 5 4 


8 4 5 3 6 


6 5 4 9 8 


3 2 4 5 6 


2 13 6 4 







^<— ^v— >* 


^^-^— ^.— -^ 


^•-— v--~— ^ 


■■ ^v ^ 


"^-.^^^--^ 





Stk. #12 3 4 5 

Our only job is to verify that all the records in our file have a stock code 
that agrees with one of the above. The zeros are placed at the end to terminate the 
loop. For example, if our first message had a stock code of 43257, it would be less 
than 96754, so we would compare it to 84536. Again it is less,- so the next comparison 
would be to 65498. The next step would be to compare it to 32456. Since it is 
greater than 32456 but less than 65498, it must be an erroneous code. All codes will 
be greater than 00000, so a code of 10324 would be recognized as erroneous. 

The problem is to keep the number of programming steps at a minimum. Since the 
MSD of each code is located exactly 5 positions away from the last MSD, wouldn't it 
be possible to start out comparing against the first code and if it is necessary to 
then compare against the second code, simply add 05 to the compare instruction? This 
loop could be maintained until the code matches, or until the record is proven to be 
illegitimate. O^e must remember, however^_ that J-f_we going to modify , the jddress 
of the compare wfirTe "processing" one record_,""rt will be'iiecess^ 
befor¥'¥€artLng to process the' next record^ If we do not, we migh"t''^W^remi^'a 

matc¥" on Tode~"3'2'4'S6 ori 'this record". When we bring in the next record, however, its 

code is 84536. If we did not reset the compare to start again at the beginning, this 
would register as a "greater than" and therefore be rejected, when, in fact, it is a 
perfectly valid record. 

INPUT: 1 reel of master information on trunk 6: 



STOCK CODE 
5 



STOCK NUMBER BALANCE ON HAND DUE IN 
8 10 7 



OUTPUT: 1) 1 reel of valid masters on trunk 3. 

2) 1 reel of invalid masters on trunk 5. 
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Another example of address modification also ties back to printing. In the print 
examples covered up to this time, we have only been printing fixed alpha or alpha- 
numeric information's^ Suppose, however, we wanted to print a balance. Since we are 
carrying it in a 7 digit (6 characters maximum, 1 space for overflow) fixed field on 
tape, a balance of $107.54 would appear as 0010754, and a balance of $6.98 would 
appear as 0000698. Once we place the balance in the print area, we must change all 
the insignificant zeros to spaces so that they will not appear on the printed copy. 
In order to do this we must discuss a new instruction called LOCATE SYMBOL LEFT. 



LOCATE SYMBOL LEFT : 

This instruction searches a sector of memory looking for the lack of a given 
symbol. For example, in our case, we would want to locate the rightmost insignificant 
zero in the balance area. 



S^zrx. h or f i^«- ^Vl *^-^^ ^ 



The OP code is K. 

N indicates the selected symbol . 

The A address gives the left hand end of the area to be sea jj sjia4< . 

The B address gives the right hand end of the area to be sear^^|j,gd. • 

If the balance item were placed in the print area between 2^■3^—2k^■0 , our in- 
struction would be: 

K 2434 2440 

Once the instruction is staticized, the contents of the HSM location specified 
by the A register is compared against the contents of the N register. If the char- 
acter is like that in N, and A does not equal B, the A register is increased by one 
and the operation is repeated. The operation will terminate when either: 

1) A equals B or 

2) a symbol unlike the one in N is found. In this case, the A register is de- 
creased by 1, so that the A register would be addressing the last symbol 
found (in our case, the last zero). 

In addition, the PRI ' s will be affected as follows: 

'PRN is set when the first character searched is not equal to the contents of N. 

PRZ is set when all characters searched are equal to the contents of N. 

PRP is set if a non-symbol is found after a character equal to the contents of 
N has been found. 

Now, if we have the ability to transfer the contents of the A register into the 
B address of a Transfer Symbol to Fill instruction, we would be able to replace the 
zeros with spaces. This is true since we know the symbol to fill would be a blank 
and that the left hand end of the field would be the left hand end of the balance or 
2434. The only thing we didn't know originally was the right hand end of the sector 
to be cleared, and we have just found that. The problem, therefore, is to get to 
the contents of the A register. 
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The first instruction that occurs to us is the STORE REGISTER instruction since 
we already know that we have the ability to store the contents of the P register 
utilizing this instruction. This presents a difficulty, due to the fact that the REG 
instruction itself utilizes the A register, so, that before we could remove the address 
we. needed, we would destroy it. For this reason, the engineers supplied us with an 
automatic storage of the final contents of the A register in practically every case 
where we might need it. ■ 

Again we will be working with a standard high speed memory location. This time 
0212-0215 are the locations, and they are called STA (Store A). At the termination 
of certain instructions, the final ^jionyjits of - the , A regist er are placed automatically 
into STA . Once there, the program^^ia^the ability to transfer them wherever tliey 
may be needed. He must remember, however, that they are there only temporarily, since 
the next instruction that affects STA will change its contents. 

The solution to our problem is now simple. All we must do is locate the right 
hand least significant zero, transfer the contents of STA to the B address of a SF 
instruction, and then fill the zeros with blanks. The routine would look as follows: 
(Assume one zero.) 

w ~|5^V fit? ^'lls V 3500 K 2434 2440 Locate MSD of balance 

3510 N 4 0215 3529 Trans. STA to B address 
3520 J _ 2434 ( ) Replace zeros with spaces 

Using the two examples we mentioned before, let's follow the routine through: 



.4 


35 


36 


37 


38 


39 


40 








1 





7 


5 


4 



24 

Locating the last zero would put 2435 into STA. 

Transfer the contents of STA to the B address of the SF instruction so that it 
now reads : 

J _ 2434 (2435) 

Execute that instruction so that you have in memory: 

24 34 35 36 37 38 39 40 
- - 1 7 5 4 

Starting out with: 

34 35 36 37 38 39 40 
24 00 6 9 8 

Locating the last zero would place in STA 2437. 

Transferring this to the B address would give us an instruction that reads: 

J _ 2434 2437. 

Executing this instruction would yield: 

34 35 36 37 38 39 40 
24 ----698 
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ADDRESS MODIFICATION EXERCISE I : 

PROBLEMS: Post a set of totals developed in a previous run to a table of year-to- 
date totals maintained on magnetic tape. 

INPUT: 1) Magnetic tape containing a table of 100 ten digit master totals 
'' a) One reel 

b) On tape 3 

2) Magnetic tape containing a table of 100 ten digit transaction totals 

a) One reel 

b) On tape 5 

PROCESSING : 1) Housekeeping 

a) Rewind all tapes 

2) Read a master total 

3) Read in transaction total 

A-) Add the 100 transaction totals to the 100 master totals. The first 

transaction total is to be added to the first master total, the second 
transaction total is to be added to the second master total, etc. The 
new sum will never exceed 10 digits. 

5) Write the updated 10 digit total table to tape station 1. 

6) End of job procedure: 

a) Write EF to output tape. 

b) Rewind all tapes. 

OUTPUT: 1) Updated table on magnetic tape, 
a) One reel. 



ADDRESS MODIFICATION EXERCISE II : 

PROBLEM: Prepare and print order forms from the data coming in from a stock file: 

INPUT: One reel of master stock information in the format: 

STOCK # MFC'S NAME ST. ADD C-S ADD BALANCE ORDER QTY DUE IN 
9 25 20 20 10 8 8 

The numeric fields (balance, order quantity and, due in) are loaded with insignificant 
zeros . 

OUTPUT: Printed order forms in the format: 

STOCK # MFC'S NAME ST. ADD C-S ADD. ORDER QTY. 

Print 1-9 20-44 50-69 75-94 113-120 
Pos. 

Advance 5 lines between lines and page change after every 10 order forms. 



ADDRESS MODIFICATION EXERCISE III : 

PROBLEM: To edit a tape which is supposed to contain one of a possible ten stock 
numbers . 
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'■« 



r^ 



;.<*' • 



INPUT : 



1) An inventory file on one reel of magnetic tape, mounted on Station C. 
(100 character records; the stock number is the first 8 characters). 

2) A table which is to be read into memory from a card yjJ:h 10 eight 
digit codes, in ascending order. 



PROCESSING: 


1) 




2) 




3) 


OUTPUT: 


1) 



If the message doesn't contain a valid part number, write that 

message to the Station A.' If the message does contain a valid part 

number write the message to tape F. (s' 

If an EF is detected write EF's, rewind tapes, and halt. 

Use a tallv_j:£i. s±. Qii ths-^ an^g gram loop. 

A tape of valid messages, 
a) One reel. 
2) A tape of invalid messages. 

.-•v 

h^ ;■■ - - .V..,., 
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XIX - VARIABLE CONNECTORS 



lln our examples so far we have assumed that there would be no more than one 
transaction against any one master. This, of course, is not always a valid assumption. 
If we did have a problem with multiple transactions, another programming problem would 
be involved. 

Initially we would have to bring in both a master and a transaction in order to 
start the processing. If the criteria of t he se two records matched, vfgypi^ ld^ ^_^.^_?-l„^R " 
date the master with the information contained 'in the "transaction. At this point we 
wou l' c(' wan t '" 1 6" "t r an s t"e' r"Bac k t o re aT™'n^noTr^^ we know that there 

may be multiple transactions against any one master. In addition, if the transaction 
record had a criteria that was less than the master criteria, we have been assuming 
that this was a sort error (or no master available) and have been stopping the computer. 
This is inefficient and a more common practice would be to put this error transaction 
out (for example, to a magnetic tape or to a punched card) and bring in a new trans- 
action. . If this was the entire program, we would have no problem, and the functional 
chart for it would appear as follows: 




PUNCH 
REJECT 
TRANS 



^ 



UPDATE MAST BY 

TRANS 



However, this does not take care of the case where the master criterion is less 
than the transaction criterion. This would indicate either that the master had no 
transactions against it and was simply to be written to the new master tape or that 
the master had one or more transactions against but these have been posted, and a 
transaction belonging to another master is now in memory. In either casQ, there is a 
good transaction in memory, and if we were to bring in another transaction over it we 
would, in effect, lose it. If we could consider just this portion of the program we 
could flow chart it as follows: 



XIX-1 




To have a complete program, however, we. must be able to "overlay" the two flow 
charts. This we can accomplish by utilizing a "variable connector". This is nothing 
more than a program transfer instruction that is modified. In our example, we could 
simply place a Store Register instruction, affecting the P register, between the Read 
of the master and the Read of the transaction. Initially, the variable connector or 
"switch" will contain the address of the next instruction in sequence. This next in- 
struction will modify the switch so that the next time it is executed it will cause 
the program to transfer to the compare of the criteria. From that point on, whenever 
we desire a master (but not a transaction) we will transfer to 1 (the Read of the 
Master) and the variable connector will skip us around the Read of the transaction to 
the comparison. Now we have the ability to bring in just a transaction, or just a 
master as the case may indicate. Functionally flow charted, our program would be as 
follows: 
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M>T 



'r 



REJECT 
TRANS 



z 




SET A *• A, 




UPDATE MAST BY 
TRANS 



6 



M<T 




Example: 

There is a master inventory file with 10,000 records. We have 8,000 issues 
sorted in .asc.eiLdinp order by stock number to be posted against these masters. There 
may be multiple transactions against any one master. Both files are being maintained 
on magnetic tape. 

File Descriptions: 

Master: 



Stock Number 
7 



Balance on Hand (BOH) 
10 



Transaction: 



Stock Number 
7 



Issued Quantity 
10 
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We are to write any out of sort transactions to an error tape. 

Assume that the EF on the Master tape will occur at the same time as the EF on 
the Transaction tape . 

Flow charted and coded the problem would appear as follows: 
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& 




Housekeeping 
Rwd Tapes 




Aj Set 

Initially 
A2 Set By 5 



Set A > A, 
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As you can see, setting a switch implies transferring the address of the in- 
struction we want to transfer to into the program transfer instruction. In our 
example, we utilized a Store Register instruction as our variable connector. By 
initially having the Store Register transfer to 5270, we will be able to read in 
both a master and a transaction. The instruction at 5270, however, places 5300 in 
the B address of the Store Register, and from that point on when we read a master 
we will skip over the read of the transaction to the compare located at 5300. 

We could have saved an additional instruction by using the B address of the 
CTC executed as an EF/ED test. The B address of this instruction tells the computer 
where to go if the ED/EF has not been sensed. By initially having this address the 
Transfer Data Right instruction and then modify it to address the Sector Compare Left 
instruction we would get the same effect that is obtained in the program that we coded. 

The example that we just investigated incorporates a "one way" switch. That is 
to say, we changed its setting from Al to A2 and never affected it again. Many pro- 
grams incorporate variable connectors that are changing two (or more) way connectors. 
For example, suppose we had a payroll problem to program. Against each master there 
can be no more than one transaction, however there may be masters without transactions 
and there may be transactions without masters. We will assume that all of these latter 
cases indicate new employees for which master must be set up. Examining the problem, 
there are three possible requirements: 

1) we have updated a master and need both a new transaction and new master or 

2) we have a master without a transaction and need just a new master, as there 
is a good transaction in memory or 

3) we have a transaction without a master and need a new transaction as there 
is a good master in memory at this point. 

By placing a variable connector between the two reads we give ourselves the 
necessary flexibility. 

Since we don't know what path we have executed at any one time, we must make 
sure that the variable connector is in the proper condition. For example, if we have 
just updated a master we will want the switch to allow us to read in both a transaction 
and a master. For this reason we must make sure the switch is set to Al . It might 
already be set to Al , which means that we are wasting an instruction, but we are safe- 
guarding our program in case it is not. If we have just set up a new master (the 
transaction did not have a master) we will want to read in another transaction but not 
a new master (since we have a good one in memory). To do this we will set switch A 
to A2 , which skips us over the read of the master. If we have just written out a 
master then did not have a transaction, we simply want a new master and since we will 
transfer the program back to step 2, we are not interested in the condition of the 
switch. Completely flow charted and coded (ignoring ED/EF, and ETW routines) the 
problem appears as follows: 

Data Description: 
Master 

Employee Number Total Withholding Total S.S. Total Gross 
5 6 5 7 

Transaction 

Employee Number Weekly Withholding Weekly S.S. Weekly Gross 
5 ■ 4 4.5 
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Another example can be developed using our original inventory problem, by adding 
another step to punch out a card if the BOH of a particular stock number reaches zero 
or goes negative. We could determine this condition easily by sensing the PRI ' s after 
subtracting the issues. If the balance is zero or negative the PRZ or PRN will be set. 
Upon sensing this we could affect another variable connector, this time the transfer 
that normally would take us back to read in a new master record. We could change this 
so that it takes us to a punch routine and then back to the read of the master. Since 
the negative result pertains to only this one record, however, it is advisable to set 
the switch back to its initial setting (Bl) immediately upon entering the B2 path. 
This will prevent us from punching negative cards for stock accounts which are still 
positive. Functionally flow charted, the program would look as follows: 
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It is possible to form a switch using only 1 character and two instructions, 
if the Skip option of the Store Register instruction or the Conditional Transfer of 
Control instruction is used. If an N or appears in either of these instructions, 
it will cause the instruction to be staticized but not executed. This means that 
the P register will not be effected. 

Suppose, for example, we have a switch which is to transfer to 3190 if set to 
Al, and to 4850 if set to A2. We could code the switch as follows: 

3500 V (0) 0219 3190 
3510 V 1 0219 4850 

Now, if the switch is to be set to Al , we must place a "1" in the N character of the 
Store P Register instruction at 3500. This will cause the program to jump to 3190. 
If the switch is to be set to A2 , however, we must place a "0" in the N character of 
that instruction. Then, when the instruction is staticized, it will not be executed 
and the transfer instruction at 3510 will be staticized in sequence and executed, 
causing the program to jump to 4850. 

Variable Connector Exercise I : 

A bank has 10,000 demand deposit (checking) accounts against which 8,000 trans- 
actions are to be posted. There may be multiple transactions on any one master. 
There are two types of transactions, withdrawals (checks) and deposits. The type of 
transaction is determined by examining the transaction code which will be either a 
W (withdrawal) or a D (deposit). There are approximately 1,000 deposits and 7,000 
withdrawals. The transactions have been sorted in ascending order by account number 
and then by transaction code. 

Data Description: 

Master: (1 reel, tape unit 5) 

$ amount of $ amount of 

Account Number Total Deposits to Date Total Withdrawals Balance 

to Date 
7 7 7 6 

Transaction: (1 reel, tape unit 3) 

Account Number Transaction Code Amount 

7 17 (at least 1 insignificant zero in 



every amount) 



Assumptions : 



1. Any out of sort transactions are to be preceeded with the code letter 
"A" and placed on an error tape, unit 1. 

2. Any transaction with an erroneous transaction code are to be pre- 
ceeded with the code letter "B" and placed on the same error tape. 

3. The new master file is to be constructed on tape unit 4. 

4. Do not chart or code ED/EF or ETW routines, simply indicate a 
transfer to them. 
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Variable Connector Exercise II : 

Using the same banking problem stated in variable Connector Exercise I, allow for 
the punching of an overdraft card if the balance goes negative. The overdraft card is 
to be in the format : 

Col 1-7 59-65 67-73 Col 75-80 

Acct. # Total Deposits Total With- Balance 

Flow chart only. drawals 

Review Exercise III : 

The purpose of this problem is to obtain a total of salaries to date by: 

1) section number 

2) department number 

The payroll file is maintained so that the employees of a particular section are 
together and all the sections of a given department are together. Since the employee 
number consists of 10 digits: 



XX 


XXX 


XXXXX 


department 


section 


employee 


number 


number 


number 



the entire file is in ascending order by employee number. Starting with the first 
record in the file, accumulate the total gross by section and by department. When 
the section number changes print out the total on the on-line printer. Continue 
accumulating for a department total, but also start a new section accumulation. 
Print out the total for every section and every department in this fashion. Page 
change after every department total. Do not print insignificant zeros. 

Data Description : 

Master (1 reel, tape A) 

Employee Number Total Withholding Total Social Security Total Gross 
10 6 5 7 

Print Layout : 

Department Number (print positions 1-2) 

Section Number (print positions 3-5) total (print positions 10-18) 



Department Number 




Example: 






12 






234 


345263422 




453 


098765435 




12 




444028857 


23 






654 


002746378 




987 


098745324 




989 


286543547 





Dept. total (print position 20-28) 
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Assumptions : 



1. Assume that the file is in correct order, halt on any out of sort. 

2. Assume no department will take more than one page. 

3. Simply transfer to ED/EF and ETW routines, but do not chart or code them. 

4. Assume maximum accumulation size of 9 digits. 



t Idol ^•^** ^ 






XIX-17 



XX - LOGICAL OPERATIONS 



( LOGICAL AND, LOGICAL OR, EXCLUSIVE OR ) 

Most program steps require that the computer work on the information bits of 
the character as a whole, however there are some cases that require that we operate 
on each individual bit as a separate piece of information. 

For example, we already know that a minus sign appears in the 2^ position of 
the least significant digit of an amount. Suppose we are interested in printing out 
a list of all the customers that have over paid their charge accounts. We are 
carrying this as a negative amount (balance due = total purchases ^ total payments). 
Our first step would be to examine 25 position of the least significant digit. If 
this contains a 1 bit, the amount is negative; if it contains a bit, the amount is 
nn<!itivp To examine onlv 1 bit oL-atl entire character, it isnecessary to_lJmask'' 
out the other 5 bits. This is possible with a LOGICAL AND mstruc^Eion. 



LOGICAL AND ; 

This instruction enables us to extract or "mask" out individual bits from a 
character (or characters). The rule for this instruction is that you must have a 
1 in the bit position of the modifier, in order to get a 1 (a one and a one will 
give you a one). That is to say: 

1 and 1 gives 1 
1 and gives 
and gives 

Example: 110101 011011 - section being modified 

011011 110101 - modifier (mask) 

010001 010001 - result 

For our particular problem, we would move the least significant digit of the 
amount to a work area, since this instruction destroys the character or characters 
being modified. We would then perform a Logical And using (100000)2 (minus sign) 
as the mask. This will cause all the bit positions from 2i,.-2o to become zeros. 
If the bit in 25 is a 0, it will remain a zero; and the resulting character will be 
(000000)2; if it is a 1, the resulting character will be (100000)2- In addition 
to modifying the character, the instruction will affect the PRI's. If the resulting 
field is all zeros (in our case indicating a positive quantity) the PRN is set; if 
the result contains one or more 1 bits (which shows a negative balance in our ex- 
ample) the PRP is set. 

The OP code of this instruction is T. 

The N character indicates th<=. number of characters in each operand (0-44) . 

The A address gives the location of the least significant digit of the field 
to be modified (and the result). 

The B address gives the location of the least significant digit of the modifier. 

Having determined whether the balance is negative or positive, we are now 
capable of taking the appropriate steps. If the result was positive, the record is 
of no interest to us. If it was negative, we must now set up a print area. Let's 
assume that the only information contained in the master is: 
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Customer Number - Name - Balance 
6 25 6 

a space being carried between each item. We will also assume that we do not care 
if the print out contains insignificant zeros, as it is only for internal use. We 
have only to read this into an even-hundreds location (a legitimate print area) and 
we will be able to print, except for one step. 

In order to get into this path, the balance had to be negative. This means 
that the least significant digit of the balance has, in addition to its numeric bits, 
a zone bit. If we printed this character as it stands, we would obtain the following: 



if the numeric portion is : 

1 
2 
3 
4 
5 
6 
7 



the printed character will be: 

o 

J .. 

K 
L 
M 
N 

P 
Q 

R 



In order to avoid this, we must get rid of the zone bit. This could be done 
by again using the Logical And instruction with a mask of (001111)2 °^ (011111)2. 
The only problem is that none of the RCA 301 characters have these binary config- 
urations. We could construct the necessary character during the housekeeping 
portion of our program, but it is just as easy to use the EXCLUSIVE OR instruction. 



EXCLUSIVE OR : 

This instruction also works in individual bits. The rule that is applied is 
that opposites are required in order to obtain a one bit: 

and will yield 

1 and 1 will yield 
and 1 will yield 1 

In our example, we will want all the information between 2^ and 2q to come 
through untouched. To do this we will need O's. However, the 2^ bit, which we 
know to be a 1, must be changed to a zero which we can do by overlaying it with 
a 1 (two ones will yield a zero). Our modifying character will be 100000, again 
a minus sign. 

The OP code of this instruction is a U. 

The N character again indicates the number of characters in each operand (0-44). 

The A address gives the HSM location of the least significant digit of the 
sector to be modified and subsequently the result. 

The B address gives the HSM location of the least significant digit of the 
modifier. 

This instruction does not affect the PRI ' s . 



Having thus set up the print area we have only to execute the Print and Paper 
Advance instruction. 
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Suppose that in addition to the printed list of credit balances, we must also 
punch out cards in the format: 

Customer Number Amount 

1 _ 6 75-80 

In addition to simply transferring the desired information in order to set up 
the punch area, we must also replace the minus bit. This we can do with a LOGICAL 
OR instruction. 



LOGICAL OR : 

This instruction allows us to insert bits into a character(s) . The rule is a 
one bit in one position or the other or both will yield a one: 

and yields 

1 and yields 1 
1 and 1 yields 1 

In our case we wish to insert a 1 in the 2 position, and not affect the remainder 
of the character. Again our modifying character will be a minus, (100000)2- 

The OP code is a Q. 

The N gives the number of characters in each operand (0-44). 

The A address gives the location of the least significant digit of the operand 
to be modified and the result. 

The B address gives the location of the least significant digit of the modifying 
operand. 

This instruction does not affect the PRI ' s . 

Flow charting and coding our entire program, it would appear as follows: 
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Logical Operations Exercise : 

A. Show the result at the end of the following operations: 

1. (100110)2 modified by (000111)2 using a Logical And 

2. (111000)2 (111111)2 modified by (000101)2 (010011)2 using a Logical Or. 

3. (101010)2 modified by (110011)2 using an Exclusive Or. 

B. What instruction(s) would you use to determine if the 23 bit of the character 
located at 1687 is a one or a zero? What would be the modifying character? 

C. What instruction would you use to change 1 to a 2 the first time it was executed, 
2 to a 1 the second time, 1 to a 2 the third time, and so forth? What would be 
the modifying character? 

D. Suppose you wanted to insert a one bit into the 2 position of the character 
located at 1564. What would be the instruction that you would use and what 
would be the modifying character? 

2 

E. If you wanted to extract a one bit if present from the 2 position of the char- 
acter located at 1743, what would be the instruction you would use? What would 
be the modifying character? 
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To date, we have been working with fixed variable records. Initially, however, 
we pointed out that the RCA 301 was geared to handle both fixed-variable and variable 
data, 
data. 



We are now concerned with the programming involved in handling the variable 



Taking the simplest example, suppose we wished to duplicate a 
taining variable length messages (the maximum message length being 
The instruction flow would be basically the same, but there is one 
When we are ready to write out the record, we must be able to give 
right hand ends of the sector to be written out. We know the left 
about the right hand end? Since we are reading in variable length 
address will vary. It will be necessary, therefore, to modify the 
write. The question is, how? 



one reel file con- 
100 characters) . 
important difference, 
both the left and 
hand end, but what 
data, the rightmost 
B address of the 



When a Tape Read Forward Normal Instruction is executed, the A register is 
keeping track of the destination location of the characters. At the end of the 
operation (when the gap is sensed) , the A register holds the address of the location 
one to the right of the last character placed in memory. This is automatically 
placed in the STA locations, where it is accessible by the programmer. ^ Know i ng, th^ 

address that is one.,..tJ?,J;h ^..ja>gkL.oL JM^^ 

tractinp one to geJ:_ t.ke_Mdr^„s_o£.,the_la^^.amct^^ 
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A second example would occur if we wished to print out a list of employee num- 
bers and names from a file that had a variable format as follows: 

EMP ff * NAME * ST. ADD * C.S. ADD * TOTAL CKOSS * TOTAL ISS * TOTAL WITH * TOTAL NET 

5 25 30 35 7 5 7 7 

5 15 20 22 6 4 6 6 

100 100 100 100 100 100 100 100 

(The * between each item differentiates them.) 

We could easily transfer the employee number into the print area but the problem 
would be the name. Since one name might be J0E_D0E , and the next one might be 
BENJAMIN FRANKLIN, we have no way of knowing how many characters to transfer. Jl©«. 
facilita te this, there i s an i ns '^ruction th^twill^ 

time it picks up and transfers a^gLven''s^5oTT'°° Tir°our cas e we wou ld want to transfer 
from left to right starting with the left hand end of the name, the location of which 
we know, until we transferred the * which separates the name and the street address. 

DATA TRANSFER BY SYMBOL LEFT | 

This instruction transfers data moving left to right from one sector of memory 
to another, until a selected symbol is sensed. 

The OP code is a # . 

"M" indicates the selected symbol on which to stop transferring. 

The A address gives the location of the leftmost character to be tr ansferred. 

The B address gives the destination location of this first character to be 
transferred ( leftmost location of the destination area. ) 

Assuming that we have read our records into memory at 5100, the portion of 
memory we know atout appea;rs as follows: 

00 01 02 03 04 05 06 07 08 09 
51 X X X X X * NAME —_———> . 
^ V ' 

Employee # 

The last location that we know specifically is the left hand end- of the name, 
5106. 

Assuming that the print area has been laid out to start at 1600 and has been 
cleared to blanks, we want to place the employee number in 1600-1604 and start the 
name in 1610. Knowing this, our instruction would appear as follows: 

# * 5106 1610 

Suppose one record was 23456*JOE_DOE*123_ANY STREET etc. 

The print area would appear as follows after the execution of the DL instruction 
to transfer the employee number and the DSL instruction shown above: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 
16 23456 JOE DOE* 
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If the record was 45487*JOHN_SMITH*3543 FIRST_STREET etc, the print area would be: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 

16 45487_____J0HN SMITH 

20 21 22 23 

The above records point out a programming necessity when handling variable data, 
and that is the fact that it will be necess arx-to. cl£.aiiJih a.J3or tion of the print area 
that_^^rou 1 d c oj}t a in the name be f_or£_Jbh e_jie x t name i s _t r an s f e r r e d_ _i D, , ra^gr ^hSSmAHMS 
at t'h"e~Te]^TnnTiig [*n^^ 'r»S'prTTT^^^^T7STZT~Tnm! SMITH would 

simply overlay JOE_DOE , but suppose the next name was JIM_RAU. The print area would 
appear as follows, unless the name portion had been filled with spaces: 

00 01 02 03 04 05 06 07 08 09 10 
16 67535_____J 

20 21 22 23 

* 

One other point thHt prp,fH,gpi;c f^-f^olf io t-h^ fpr^i- i-h = + y<f pind up t.Tith t.^e- * Jji 
the _pr^",];^i- arc^j^ „ What happens is that the character addressed by the A register is 
placed at the location addressed by the B register. Both the A and the B registers 
are increased by one. If the character transferred is identical to the character in 
the N register, the operation terminates, otherwise the process continues. This means 
that the terminating symbol (in our case an *) will end up in the destination area. 
However, since the B register has been keeping track of the destination locations, it 
will end up with the address one to the right of the destination *. .A simple trftl "- 
•fe^of. a hl.anK ,by.,q TiPifa Xcafla£sx^jjist_ra£ti^n_wi Jh, the -B _add r e ^.g „. conta inlng., th ig .. mo d - 
j;fie d_ad dress wo2il^ -§.SlXg„ °.uy .. P^o.^.^ s"* • Th^ only problem is to obtain the contents of 
B . 



STORE REGISTER : 

We have already discussed the Store Register instruction in conjunction with the 
P register. We also have the ability to store the B register, by simply using an 
"N" of 4. 

To summarize: 

The OP code is V. 

"._N" would be 4j^io^refer to the B register. 



The A address would be the right hand end of the four locations to receive the 
contents of the B register. 

The B register is zeros (0000). 



XXI -4 



.START 




RWD TAPES 

CLR THE t>RINT AREA 




EMP"' 



PRA 



CLR NAME PORTION 
OF PRA 



TRANS NAME 

^ PR A 



STR B— «^ 9(B) 



SUB t FROM 9(B) 



REPLACE* WITH SP 



10 



I 



PRINT AND 
VT 




XXI -5 



TITLE 



Handling Variable Data Example II 







UUUtK 

REMARKS 




























DATE 
SEGMENT NO. 






FROM 
INST. 
LOC. 


NO. 
OF 
INS. 


HSM 
LOCATION 


■< 

H 
•< 

-1 
u. 


< 


_l 

IL 


OP 


N 


A 


B 


REFERRED 
TO 
BY 


REMARKS 


BOX 
NO. 







1 


2 


3 


4 


5 


6 


7 


8 


9 




h 


1+10 








J 


1 




























RWD 1 


1 








1 








_£_ 


.- 


1 


6 








1 


7 


1 


9 




CIR ERim' AEIEA 


1 




kain 


? 








h_ 


1 


5 


1 








5 


1 


9 


9 




READ RECORD 


2 






3 ^ 








w 


8 


k 


2 


2 





k 


1 


4 







SENSE ED/EF 


3 




J+130 


1, 








M 


5 


5 


1 








1 


6 










TRMS EMlf— ♦ PRINT AREA 


4 














J 


- 


1 


6 


iIJ 





1 


6 


3 


4 




CLEAR PRINT AREA (NAME) 


5 




- 11 


knfi 





T 


■3f 


5 


1 





6 


1 


6 


1 







TRA])ISEER NAME 


6 








7 








nV 


4 


4 


1 


9 


9 
















SIR B IN 9 (B) - 1 




7 


P: 




8 











2 


h 


1 


9 


9 


li- 


2 


4 


9 




SUB 9 (b) -1 


8 


H 

1 




9 








,N 


1 


h 


2 


4 


1 


(1 


6 


( 


)) 


7,8 


TRANS A BLAM: OVER THE * 


9 






lj-20 C 








:b 

















1 


6 





2 




PRINT AND VT 


■■ 


10 














V 


1 





2 


1 


9 


4 


1 


2 







TRANSFER-^2 






4130 1 6 


I4.22 





J> 


1 




























RWD 1 . 


11 








•, 








11 































HALT EOR 


12 






1^ 











- 























1 




CONSTANTS 



























































































































L 








































r, 





Q 



































f'\ 



































v' 


n 



































G 


A 


u 



































■'% 


n 




^ 


^^^ 








^ 
















E 1224 REV. 


8-60 
































PAGEl OF 


1 



We could eliminate one instruction by replacing the Transfer Data Right (9) with a 
Transfer Symbol to Fill instruction which would appear as follows: 

J _ ( ) 1634 

The A address would be the variable address of the *, obtained by storing B after the 
Transfer Data by Symbol Left instruction and subtracting one. The B address is the 
right hand end of the print area that is to receive the .maximum name. In this way we 
not only replac^ the * with a space, but we also clear the name area, both in one in- 
struction. 

Suppose we are required to compress the information coming in from cards in order 
to put it out on to magnetic tape. The card format is: 

Account Number Name 
1-7 9-35 

We want to read in the card and write the information out to magnetic tape, first 
placing a # to differentiate between the two items. The problem is basically one of 
locating the last significant character in the name. We can do this by doing a Locate 
Symbol Right instruction. 



LOCATE SYMBOL RIGHT : 

Xlaia«4,nst ruction allows the programmer to locate the lack of designated symbol. 

The OP code is L. 

"N" gives the symbol with which we are searching. 

The A address gives the right hand end of the sector to be searched. 

The B address gives the left hand end of the sector to be searched. 

The operation will terminate if: 

1) a non-symbol is found, in which case ^STA gives the add ress of the last 

2) the enoB^^the sector is found. 

In addition, the PRI's are affected as follows: 

PRN is set when the first character searched is not equal to the contents of N. 

PRZ is set when all characters searched are equal to the contents of N. 

PRP is set if a non-symbol is found after a character equal to the contents of 
N h^ been found. 

For our particular case, let's assign 6700-6779 as the read in area. The name portion 
will fall between 6708 and 6734. If our instruction reads: 

L _ 6734 6708 

when the instruction terminates, STA will hold the address that is one to the right 
of the last character in the name. By transferring that address and subtracting one 
from it we come up with the address of the last character. We will not sense the 
PRI's, as we are assuming that there will always be a name. 

Flow charted and coded, our program would look as follows: 
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Testing out one record, we have: 

1234543 JOE_DOE 

Reading this into memory we have: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 
67 1234543 "'0^_DOE_____ 

20 21 23 24 25 26 27 28 29 30 31 32 33 34 



Locating the last blank moving from right to left, we end up in STA with 6715. 
Transferring this to the B address of the write and subtracting 1 , we have a write 
instruction which reads: 

8 6 6700 6714 

and which will write out just the information in the record. 
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Apnth)P.r prolyl R^] 7 Mtuigh-^ mi p;fi,t prPspji±.,^ 

endof_3.jsias4^i±a©-i*®M-^r__cpmgarXs, 
structed as follows: 



Stock tt 
Max 5 
Avg 5 
% 100 



'Description' 
40 
25 
100 



Order Date' 
6 
6 
100 



Balance 
10 
8 
100 



(' acts as a separator) 



Our problem is to compare the date against today's date to see if we have to 
put out an order. If an order is not due we must bring in a new record; if it is, 
we must prepare a print-out. The portion of the program that we are interested in 
is simply locating the order date and setting up the compare instruction. Due to 
the fact that the variable item "Description" preceeds the "Order Date", we must be 
able to search through it and locate the MSB of the date. To do this, we again 
utilize a Transfer Data by Symbol Left Instruction. If we start transferring with 
the first character of the description (one to the right of the ') and transfer in 
place, the operation will terminate when the ' between the description and the order 
date is recognized. At that point, STA (and the B register) will hold the address 
one to the right of the ' , or the MSD of that date. By simply transferring this to 
the A address of a compare instruction, we have set up the compare. 

Let's take a sample record to test out this theory: 

76587 'BOLTS '600930 '1098765 

If we read this into memory at 5000, we would have: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 
50 76 587 ' B.GLTS ' 600930 'etc. 



Executing the instruction: 



5510 # I 5006 5006 



we will end up in STA with 5012. Transferring this to a compare instruction will 
give us a compare that appears as follows: 

Y 6 (5012) 3560 (3560 is the LHE of today's date) 

The three steps would look as follows: 

5510 # ' 5006 5006 
5520 N 4 0215 5535 
5530 Y 6 ( ) 3560 

Having solved that problem, suppose we had to write a program which would add an 
interest amount to a balance. We will assume that there will be one transaction 
against every master. 

The master information is in the format: 

Acct. tt / Balance (The / serves as a separation between the 

two items) 
Max. 7 8 

Avg. 7 6 

% 100 100 
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The transaction information is coming from cards in the format: 

Acct, tf Interest 

Cols. 1-7 10-14 

We are to check to make sure that the transaction and the master account numbers match, 
but if they do not, we will HALT on an error condition. 

The problem is basically one of reading, comparing account numbers, adding and 
writing, but with one major difference, and that is that we are now working with 
variable data. When we add, we -must have our information in fixed fields with the 
operands of equal length. To do this, we will have to move the transaction interest 
amount to an eight character work area, in order to obtain the necessary insignificant 
zeros. In addition, we must move the balance item to a work area, since it is of 
variable length. Once there, we will have to clear the unused portion of the work 
area (including the /) to zeros. 

Once the addition has been accomplished, we will have to locate the most sig- 
nificant digit of the new balance (since we doji't want to carry the unnecessary zeros 
in the master) and transfer this field back to the read in area. In order to stop the 
transfer, we must arrange to have a terminating character to the right of the work 
area. In our case we will' use a /. 

Having reconstructed the record, we can write out the record as long as we know 
the address of the last character. 

Developing the program then, our first steps would be to read in the master record. 
Immediately, we must transfer the' contents of STA to a storage location and subtract 
one from it, in order to obtain the address of the last character read in, which is 
the address of the LSD of the balance. 

Having sensed for ED/EF, we can read in a transaction and compare account numbers. 
If they are unequal, we must Halt; if they are equal we can continue processing. 

The transfer of the interest amount to a work area can easily be accomplished by 
a Data Transfer Right instruction, since -we know that the interest will always be 5 
characters, loaded with insignificant zeros if necessary. The transfer of the balance 
could not be accomplished as easily however, except for the fact that we stored the 
address of the right hand end of the balance immediately after our read instructions. 
If this address were placed in the A address of a Transfer Data by Symbol Right in- 
struction, we would only have to execute the instruction to move the balance to a 
work" area. 



TR ANSFER DATA BY SYMBOL RIGHT : 

This instruction allows the computer to transfer data from one location to 
another, moving in a right to left direction, until a designated symbol is located 
and transferred. 

The OP code is a P_. 

"N" gives the character that is to terminate the operation. 

The A address gives the right hand address of the item to be transferred, and in 
our case, this is the address that must be modified for every record. 
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The B address gives the right hand destination location, for our example, the 
right hand end of a 9 character work area. 

The operation will terminate when the symbol which matches the one held by the 
N register is sensed and transferred. At that point, STA will hold the address one 
to the left of the original sjraibol , the B register will hold the address one to the 
left of the destination symbol. 

The contents of the B register are very important to us in this case, since we 
will want to clear to zeros from the left hand end of the work area straight through 
the /. Since the B register has the address one to the left of the /, we have only 
to store the contents of the B register in the B address of a Transfer Symbol to Fill 
instruction, and add one to it. The SF instruction will then load the area with in- 
significant zeros. 

J LHE OF WA (Address of /) 

Once the Add is accomplished, we will want to find the MSD of the new balance. 
This can be done by executing a Locate Symbol Left instruction, looking for the lack 
of a 0. When this instruction terminates, we will have the address of the last 
sensed in STA. By placing in the A address of a Transfer Data by Symbol Left in- 
struction, and adding 1 to it, we will have the address of the MSD. 

In housekeeping, we will place a / one to the right of the work area which is 
to receive the balance. This / will terminate the instruction. At the end of the 
instruction, the B register will hold the address one to the right of the destination 
/, which is also two locations away from the last character of the record. By stor- 
ing the contents of the B register in the B address of Tape Write Normal instruction, 
and then subtracting 2 from it, we will be able to write out just the record informa- 
tion. Flow charted and coded the problem would look as follows: 
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Taking a sample record let's step through the program: 

The information record is : 

2347668/99576 

When read into memory it falls as shown:, 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 
40 2347668/99576 



At the end of the Read, STA holds 4013. Transferring that and subtracting 1, we have 
4012. 

Reading in the transaction for this record, it appears in memory as follows: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 
412347667___01000 

Transferring the interest amount to the work area, we have: 

00 01 02 03 04 05 06 07 

42 00001000 

Transferring the balance by a Transfer Data by Symbol Right instruction which now 
appears as : 

P / (4012) 4308 

we have : 

00 01 02 03 04 05 06 07 08 09 

43 __ /99576/ 

At the termination of this instruction, the B register holds 4302. By storing this 
and adding 1, we have 4303. Our Transfer Symbol to Fill then reads: 

J 4300 (4303) 

At the completion of that instruction, we have in the work area: 

00 01 02 03 04 05 06 07 08 09 
43 ^0 00 9 9 57 6/ 

The Add instruction will change the contents to: 

00 01 02 03 04 05 06 07 08 09 
43 000100576/ 

The next instruction is to locate the last insignificant zero. At the end of 
the operation, STA will contain 4302. Transferring this and adding one, we have 4303 
and our Transfer Data by Symbol Left instruction reads: 

# / (4303) 4008 

Executing this instruction the read in area will then contain: 

GO 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 
40 2347668/100576/ 
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and the B register will hold 4015. By storing the B register and subtracting 2, our 
write instruction will then be: 

8 4 4000 (4013) 

allowing us to write out just the information pertaining to that record. 

Expanding this problem one step further, suppose our master information was in 
the format : 

Acct. # / Name / Total Interest / Balance (The / serves as a sep- 

Max 7 25 7 8 aration between the items) 

Avg 7 14 5 6 

% 100 100 100 100 

Now we run the problem of transferring both the Balance and the Total Interest 
items, both of which are variable. To do this we must transfer STA after the Transfer 
Data by Symbol Right which places the Balance in the work area. This will give us the 
address of the location one to the left of the / which separates the Balance and the 
Total Interest item. This address is the one we need for the A address of another 
Transfer Data by Symbol Right instruction, which will transfer the Total Interest item 
to a work area. The storing of the contents of the B register in order to fill the 
work areas with insignificant zeros will be the same as in the other example. 

Another problem is that of reconstructing the record after updating the two 
items. This can be accomplished if we transfer the contents of STA after the DSR in- 
struction that moves the Total Interest to the work area. That gives us the address 
one to the left of the / which separates the Name and the Total Interest items. 
Adding two to this will give us the location which should receive the most significant 
digit of the new Total Interest amount. Again we would have to locate this most sig- 
nificant digit by locating the last insignificant zero moving from left to right. 
Having done this, transferring STA to the A address if a Transfer Data by Symbol Left 
instruction and adding 1 to it will give us the address of the MSD of the Total Interest. 
If the B address of the DSL instruction then contains the address which is to receive 
this character, we have only to execute the instruction to put this item back in place, 
even if the item has been expanded. 

We would have to go through a similar process for the new Balance amount, but 
first we must determine the location which is to receive the MSD of this amount. We 
can do this by sorting the contents of the B register after the DSL instruction that 
replaced the Total Interest item. This will give us the address one to the right of 
the destination location of the terminating /, and this is the location that is to 
receive the MSD of the new Balance. After the new Balance has been transferred back 
into the original read in area, we will also want the contents of the B register. 
Again it will give us the address that is one to the right of the destination loca- 
tion of the terminating /. Subtracting 2 from this will give us the right hand limit 
of the new, recomposed record. 
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Suppose our sample record read: 

3456436/JOE_DOE/998V99750 

and our transaction amount was $5.00. 

When read into memory, we would have: 

00 01 02 03 0^■ 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 
40 3456436/JOE_DOE/9984 

20 21 22 23 24 25 
/ 9 9 7 5 

By picking up the contents of STA after the read and subtracting 1 , we have a DSR in- 
struction that reads : 

P / (4025) 4308 

Transferring STA after this instruction will give us 4019, the address of the LSD of 
the Total Interest amount. With this in the A address our DSL instruction will appear 
as follows: 

P / (4019) 4318 

Remembering that the work areas had to be cleared to insignificant zeros, after the 
addition we would have: 

00 01 02 03 04 05 06 07 08 09 
43 000100250/ 

11 12 13 14 15 16 17 18 19 
43 00010484/ 

Assuming that we transferred the contents of STA after the last DSR instruction 
and modified it by adding two, and assuming that we located the last insignificant 
zero and added one to this address, our Transfer Data by Symbol Left instruction would 
read: 

# / (4314) (4016) 

At the termination of this instruction, the B register would hold 4022, the 
location which must receive the MSD of the new Balance item. Having transferred this 
amount back to the original read in area by an instruction which reads: 

# / (4303) (4022) 

we would have in the B register 4029, Storing this and subtracting 2 we have the 
address of the right hand end of the new record, which appears in memory as follows: 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 
40 3456436/JOE_DOE/1048 

20 21 22 23 24 25 26 27 28 29 
4/l00250/_ 

The write instruction would then be: 

8 4 4000 4027 
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Handling Variable Data Exercise I : 

We want to run a totaling program to develop a grand total of the gross dollar 
amount of the issues to be used at a later date as control information. The informa- 
tion is coming in sorted from tape unit 6 in the format: 

STK.# / DESCRIPTION / GROSS $ AMT. / DISCOUNT AMT. / NET $ AMT. 
Max. 8 25 7 5 7 

Avg. 8 12 6 4 6 

% 100 100 100 100 100 

It is necessary to locate the 'Gross Dollar Amount and add it to a 10 digit 
work area. When the last record has been processed, place the zero suppressed grand 
total after the EF, and follow this with an ED. This is called a "trailer message". 

Assume 1 reel of information. 

Handling Variable Data Exercise II : 

The problem is to print out a notification for every overdrawn account in the file. 

Data Description: 

Master file: (1 reel tape unit E) 

Account,^ • Name • St. Add. • City-State Add. • Balance 

Max. 6 25 30 30 6 

Avg. 6 14 16 15 5 

% 100 100 100 100 100 

(The • (called ISS-Item Separator Symbol) differentiates the items. This symbol appears 
as a space when printed on the on-line printer.) 



PRINT FORMAT 



PRINT POSITIONS 



-30 5ii 60 



ACCOUNT NUMBER 

NAME 

STREET ADDRESS 

CITY-STATE 

OVERDRAWN BALANCE - 

An example: 

123456 

JOE DOE 

123 ANY STREET 

SOMEPLACE, N.J. 

OVERDRAWN 689- 

Assume that VT channel is punched appropriately. 

Do not flow chart or code ED/EF or ETW routines. 
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Handling Variable Data Exercise III : 

We are to write aprogram which will update the master insurancQ ..f ile , by posting 
the received premiums to the appropriate masters. There will never be more than one 
premivmi per master. 

DATA DESCRIPTION: 

Master (tape 2) ' "x 

Policy Number » Name • St. Add. • City-State Add. • Total Premiums • Premiums Due ,J 

paid to date - ' 

Max. ' 9 30 30 30 6 6 

Avg. 9 16 17 17 5 5 ,,... 

% 100 - 100 100 100 ..,.10(1,. ^ .,.-.-100' 

^^ ^--' - 

Transactions (tape 3, sorted in ascending order by policy number) 

Policy Number Premium Amount 
9 - 4 

(Punch reject cards for any out of sort transactions. These reject cards have the 
same format as the input) . 

Do not flow chart or code ED/EF or ETW routines. 



f- ' i \ ^_ V"^ 'I- ^ '^ '^ ^- ^ '" ■*" '"^"-^ 
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XXII - REPETITION OF INSTRUCTIONS 



It is often desirable to repeat algiven ins^tr^^ a numbe r of timesj For 

example, suppose we wanted to multiply Tffe'''^rosT°la'tes' amouiK'''i:!y''^r'fo' obta'in the 

discount amount. One way we could do it is to add the weekly gross to itself 8 more 
times. We could code this with 7 Add instructions: 

Gross sales amount 
3i+ 34 35 36 37 38 39 kO { 5k 55 56 57 58 59 60 

079467010794670 



1730 


+ 


7 


3440 


3460 


1740 


+ 


7 


3440 


3460 


1750 


+ 


7 


3440 


3460 


1760 


+ 


7 


3440 


3460 


1770 


+ 


7 


3440 


3460 


1780 


+ 


7 


3440 


3460 


1790 


+ 


7 


3440 


3460 



34 Discount amount 

34 35 36 37 38 39 40 
6 3 5 7 3 6 (63.57) 

With the REPEAT instruction, this same operation would require only two in- 
structions . 

REPEAT : 

The OP code is _Rj, 

N indicates the number of times (0-14) to repeat the next repeatable instruction, 
expressed by the decimal digits and 10 is ^ , 11 is #, 12 is^ 13 is ( , and 14 isj^. 

The A address indicates whether or not the A address of the repeating instruction 
is to be staticized. If it is 0000, the A addre ss w ill not staticize. If it is 0001, 
the A address will staticize. 

The B address indicates whether or not the B address of the repeating instruction 
is to be staticized. If it is 0001, the B address will staticize. Our example would 
then be coded as follows: 

1730 R 6 0001 0001 
1740 + 7 3440 3450 

Since a read instruction requires start time of 9.8 ms . , it is advisable to "batch" 
records. This means that instead of having one record per block, we could place multiple 
records in a block, thus decreasing the number of gaps to be processed. Our problem is 
to write a program which will "batch" these records. Assuming that there are 10,000 
fifty character records on one reel of tape and we are required to batch records into 
5 records per block, we would want to read in 5 times, placing the records end to end 
in memory. At that point we could write out all five records as one block. By using 
a Repeat instruction, we can repeat the Read 4 times. If we don't staticize the A 
address, we will always have in the A register the address of the location to receive 
the next character (after reading in a record, the A register contains the address of 
the location one to the right of the last character read in). Noting this, our pro- 
gram would be as follows: 
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In the chapter on handling variable data, we did an example which located a 
variable item. In our particular example, we only had to execute a Transfer Data by 
Symbol Left instruction once, as there was only one variable item between the last 
FAA (fixed and always appearing — fixed with regard to number of characters and re- 
lation to first character and 100% occuring) item and the item we were looking for. 
Suppose, however, our file had been as follows: 

Acct. # • Name ' St. Add • City-State Add • Date of Statement* 
Max. 6 25 30 30 6 

Avg. 6 166 17 15 6 

Total Deposits • Total Checks • Balance 
7 7 6 

6 6 5 

(An ISS separates each item) 

In order to locate the left hand end of the Date, we would have to Transfer 
Data by Symbol Left three times, each time picking up the contents of STA and the B 
register to set up the npxt DSL instruction: 

40 41 52 43 44 45 46 47 48 49 50 
16 < Acct. ft > • Name 

3440 # • 1647 1647 Transfer name in place 1 

3450 V 4 3479 0000 Str B in 4(B) 2 

3460 N 4 0215 3475 Trans STA to 4(A) 3 

3470 # • ( ) ( ) Transfer St. Add. in place 4 

3480 V 4 3509 0000 Str B in 7(B) 5 

3490 N 4 0215 3505 Trans STA to 7(A) 6 

3500 # • ( ) ( ) Transfer City-State Add in place 7 

3510 N 4 0215 3525 Trans STA to 9(A) 8 

3520 Y 6 ( ) 1700 Compare Statement Date: Today's Date 9' 

We could accomplish this same routine with only 4 steps using a Repeat instruction: 

3440 R 2 0000 0000 Repeat the DSL 2 times, not stat. 1 

3450 # • 1647 1647 Transfer in place (DSL) 2 

3460 N 4 0215 3475 Trans STA to 4(A) 3 

3470 Y 6 ( ) 1700 Compare Statement Date: Today's Date 4 

Suppose we were to transfer the 100 characters located in memory from 1500-1599 
to locations 2100-2199. We already know that the most we can transfer with one in- 
struction is 44 characters. If we executed 4 transfers of 25 characters each, however, 
we would get a transfer of 100 characters. We must make sure that the registers do 
not re-staticize between executions or we will only succeed in transferring the same 
25 characters 4 times. We can accomplish this by prohibiting both the A and the B 
registers from receiving data: 

R 3 0000 0000 
M N 1500 2100 



four: 



Not all instructions in the RCA 301 complement are repeatable. We have mentioned 

Add 

Tape Read Forward Normal 
Transfer Data by Symbol Left 
Transfer Data Left 
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The other repeatable instructions are: 

Subtract 

Tape Read Reverse Normal 
Transfer Data by Symbol Right 
Transfer Data Right 
Logical "OR" 
Logical "AND" 
Logical "EXCLUSIVE" 
Translate by Table 

The following outline of operation is included in order to explain the internal 
logic of the Repeat instruction, which is not as obvious as some of the other instruc- 
tions : 

The contents of the N register are transferred to the Ng^ register (a one character 
register which holds and keeps track of the N character of the Repeat instruction). 
The contents of the P register are transferred to standard HSM locations 0222-0225. 
Indicators are set specifying whether the staticizing of the A and B addresses are 
inhibited or not, according to the A and B addresses of the Repeat instruction. The 
next instruction is staticized disregarding the settings of the indicators. The 
sequence of instruction executions differs according to whether this instruction 
(the one immediately following the Repeat instruction) is repeatable or non-repeatable. 

If the instruction is repeatable, it is completed and the sequence of instruction 
executions occurs in the following cycle: 

The contents of the Nr register are examined. If zero, the indicators are reset 
and the next instruction is executed. If other than zero, the contents of the N^ 
register are decremented by one and the contents of the HSM locations 0222-0225 are 
transferred to the P register. The instruction addressed by the P register is then 
staticized as specified by the indicators and is executed. The cycle repeats itself 
until the Ng register contains a zero. 

If the instruction is non-repeatable, it is completed, ignoring the indicators 
and henceforth all successive non-repeatable instructions and the next repeatable in- 
struction is staticized as specified by the indicators and executed. When a repeatable 
instr/uction is encountered, the sequence of instruction executions occurs exactly as 
shown above. Remember, however, that all the instructions between the Repeat and the 
first repeatable instruction will be staticized (according to the indicators) and 
executed each time. 

Repetition of Instructions Exercise I : 

Write the portion of a weekly payroll which would calculate the Social Security, 
at a rate of 3%. The information is coming in from cards in the format: 



Emp # 


Gross Pay 


5 


5 


1-5 


10-14 



You are to bring in the information, calculate the social security, and place 
the amount in the proper positions so that the output card will have the format: 



Emp # 


Gross Pay 


Social Security 


5 


5 


3 


1-5 


10-14 


20-22 



(You may assume that no salary is over $300.00 per week.) 
At this point, your part of the program is complete. Ignore sensing for End of 



File, 
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Repetition of Instructions Exercise II : 

Indicate how Handling of Variable Data Exercise I could have been shortened if 
a Repeat had been incorporated. 
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XXIII - INDIRECT ADDRESSING 



Everytime that we has:,e^ja£^aM.J;M„.Mntents_Qj,.,^^ 
them ^^ir^FsfTiHillala^ The concept of "ii^irect^ 

^dre's's ing^^il 1 eliminate many of these transfers^ 

All of our instructions to date have contained direct addresses; for example, 
the instruction: 

M 6 3049 4099 

will move the 6 characters starting at 3049 to 4099. An' indirect address, on the 
other hand, tells the computer that it is not the address of the data to be operated 
on, but rather the address of a storage location which contains the direct address. 
An' indirect address identifies itself by containing a zone bit in the 2^ of the least 
significant digit. Since direct addresses contain four digits, the storage location 
for the direct address must also be four characters in length. These four characters 
must lie in two even diads , and the indirect address must be the address of the right 
hand end of these two diads. The following table shows the character, needed for each 
numeric : 

& for E for 5 

A for 1 F for 6 

B for 2 G for 7 

C for 3 H for 8 

D for 4 1 for 9 

An example will help to clarify this concept. In the last chapter, we worked 
out a routine to locate the date in a field of variable information. The routine 

appeared as follows: 

3440 R 2 0000 0000 
3450 # / 1647 1647 
3460 N 4 0215 3475 
3470 Y 6 ( ) 1700 

We could eliminate the Transfer Data Right instruction by utilizing indirect 
addressing. The program would then appear as follows: 

3440 R 2 0000 0000 
3450 # / 1647 1647 
3460 Y 6 021E 1700 

Supposing that our record was in memory as follows: 

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 
16 i35257/JAMES_SMlTH/2 

60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 
PARK_ST./ERIE_PA./ 

(|^ 81 82 83 84 85 86 
6 10 2 3/ 

STA at the end of the repeat loop would contain 1680: 

12 13 14 15 
02 16 8 
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When the Compare instruction is staticized, the registers will contain: 

OP N A B 

Y 6 021E 1700 

The computer recognized that 021E is an indirect address (by the zone bit) and goes 
to locations 0212-0215 and replaces the contents of A with the contents of those 
locations. The registers then contain: 

OP N A B 

Y 6 1680 1700 

and the compare is ready to be executed. 

Suppose we wanted to set up a print area and print a summary line for every 
master in the file we were just discussing (page XXII -3 ) . The print line has a 
format of: 

Account # • Name • St. Add. • City-State Add. • Balance 
1-6 10-34 36-65 67-96 115-120 

(assume only positive balance) 

Since the ISS (Item Separator Symbol) is not printable, we do not have to worry 
about clearing it to spaces. The problem would appear as follows: 
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,^ We have already seen that inco rporajULIi&~indir:&ct- addresi; i ng wherever possible 
Li'saves Instrurti nns but in addition^g ^t saves time . Performing a transfer of STA. 
takes 91 microseconds (35 us staticizing plus 4 x 14 operating time), [utilizing 
indirect addressing takes only 14 microseconds per level (indirect addressing may 
be multi-level; i.e., an indirect address may address an indirect address, which 
may in turn address an indirect address, etc.). Thus we are saving 77 microseconds 
every time we use it. 

Tg_d ate, we have only used STA as an indirect add.rpB g Anv ta f.y.jriflflgPCIVjf^YS 
^,§^iji-«iAwaY TOy,..be_jj}djxa&t . address storage locations, however, '''suppose we had 
to prepare six small work files from one master file, each work file to contain the 
records for one particular branch. When we read in a record, we have in STA the 
address of the location one to the right of the last character read in. By picking 
this up and subtracting one, we would have the address of the last character in the 
sector. However, we need this address in six different write instructions, since at 
this point of the program we do not know which branch we are working with. One way 
to handle it would be to place this address in the most used write instruction, and 
then having determined another path, transfer the address from this write to the 
proper write. An even easier and faster way would be to use this the B address of 
this write as an indirect address in the alternate write instructions. The program 
would then be as follows: (ED/EF and ETW ignored) 

Data Description: 

Master (100 character maximum, 1 reel) 
Branch code 
3 
3 
100 
(137, 142, 233, 497, 674, 785 and 497 is the high hit) 
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.START 



I r 



©©©■ 




RWO TAPES 




TRANS STA- 7(B) 



SUB 

7(B)0I 
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TITLE 

CODER 

REMARKS 



Indirect -Addressing Example II 



DATE 
SEGMENT NO. 



FROM 
INST. 
LOC. 


NO. 
OF 
INS. 


HSM 
LOCATION 


H 
■< 


-1 
u. 




_i 

u. 


OP 


N 


A 


B 


REFERRED 
TO 
BY 


. 




BOX 
NO. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


REMARKS 


h 
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1 
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RWD 137 TAPE 


1 
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3 
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3160 
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TITL£ Indirect Addressing Example II 

CODER 

REMARKS 



DATE 
SEGMENT NO. 



FROM 
INST. 
LOC. 
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OF 
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HSM 
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Indirect Addressing Exercise I : 

The problem is to prepare a summary print out for every master in the stock 
inventory file: ; -) 

Stk ff • Desc. • Mfg. Name • Mfg. St. Add. • Mfg. C-S Add; • Tot. Iss'd 
7 50 35 30 30 10 

7 10 15 . 15 15 10 

Tot. Rec'd • Due In • Orders Not Met • Balance 
10 5 7 ,8 

10 5 7 8 

(ISS's separate the items as shown; numeric fields are carried with insignificant 
zeros.) 

The Print Format is to be as follows: 



Stk # 


Due In 


Orders Not Met 


Balance 


1-7 


20-2it 


30-36 


40-47 



Assume that the VT channel has been punched to give all necessary paper advance. 
No insignificant zeros are to appear on the print out. 



O(s30- Ok'^^ 






7 

O 
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XXIV - TIMING 

Several instances within the text we have mentioned timing and it seems 
advisable that we take it up in more detail at this point. 

Timing within a computer is talked of in terms of "microseconds" and 
"milliseconds". A millisecond is 1/1000 of a second. A microsecond is 1/1000 
of a millisecond or 1/1,000,000 of a second. Each instruction has a formula 
that will enable you to compute the time it takes to execute it. This formula 
is made up of two or three parts : 

1) 35 microseconds for staticizing the instruction 



2) 14 microseconds for STA (if applicable) 

3) the operating time 

For example, the timing for the Transfer Data Right instruction is: 

where n equals the number of characters transferred. If we were transferring 
STA, for example, the formula would be: 

14 X 4 X 35 = 91 microseconds 

An additional 14 microseconds must be added for every indirect address 
level that is used. 

The Repeat instruction deserves special notice. Each repeatable instruc- 
tion, when repeated, requires three additional status levels (21 microseconds) 
when the contents of the Ng^ Register exceeds zero., and requires one additional 
Status level (7 microseconds.) when the contents of the Ng Register equal zero. 

In timing fixed information, the maximum number of characters is used. 
In timing variable information, the weighted average is used. 

In addition to knowing how long it takes to execute a given instruc- 
tion once, we must also know how many times that particular instruction 
will be executed during the problem. This we determine by the volumes given. 

As an example of timing, lets time out the problem on page XIX-4, assuming 
that 50% of the inventory is active, and 1/8 of 1% of the transactions are 
out of sort. We will ignore housekeeping and the EF routine. 



XXIV-1 



BLOCK 



10 



11 



11 



12 



13 



13 



INSTRUCTION TIME 



17 Char x 100 us/char + 9.8nisup to speed time 



49 us 



49 us 



17 Char x 100 us/char + 9.8.nisup to speed time 



VOLUME 



10,000 



10,000 



10,000 



8,000 



49 us 



21 us X 4 (average) + 35us 



49 us 



35 us 



28 us X 10 + 49us 



49 us 



35 us 



8,000 



18,000 



10,000 



7,990 



7,990 



7,990 



10 



17 Char x 100 us/char + 9.8ms up to speed time* 
3.9ms gap + 22.4ms delay + 10ms switch 



49 us 



35 us 



17 Char x 100 us/char + 9.8ms up to speed time+ 
3.9ms gap + 22.4ms delay + 10ms switch 



10 



10 



10,000 



10,000 



49 us 



Total Time (approximate) or 11 minutes and 
6 seconds 



10,000 



TOTAL TIME 
SECONDS 



115,000 



0.490 



0.490 



92.000 



0.392 



2,142 



0.490 



0.280 



2.629 



0.392 



0.0004 



0.478 



0.0005 



0.350 



478,000 



0.490 



693.6239 



XXIV-2 



This time is only approximate since we did not time any instructions which were 
executed only once in the program. 

The following indicates timing specifications for RCA 301 peripheral 
equipment : 



PAPER TAPE 



Paper Tape Reader/Punch - 100 characters per second 
Paper Tape Reader - 500 or 1000 characters per second 
Paper Tape Punch - 100 characters per second 



MAGNETIC TAPE 



Tape speed (inches/sec) 

Characters/inch 

Hot up to speed tine (ms) 

Hot gap size (inches) 

Switch time (ms) 

Write to Read Delay (ms) 

Rewind speed (inches/second) 



lOKC 



33KC 



66KC 



30 


100 


100 


333 


333 


667 


9.8* 


3.5* 


5.5** 


.3 


..45 


.55 


10 


none 


none 


22.4+20% 


7.2+20% 


5.83+20% 


30 


100 


100 



*Does not include staticizing time. 
**Includes read after write stop delay, but not staticizing time. 



CARD READER 



Card Reader - 600 cards per minute 

Card Reader/Punch - 800 cards per minute 



CARD PUNCH 



Card Punch - 100 cards per minute 

Card Reader/Punch - 200 cards per minute 
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ON-LINE PRINTER 

The two On-Line Printer Models can be operated in the following com- 
binations at the indicated speeds: 



NO OF 




SYNCHRONOUS 


ASYNCHRONOUS 


NORMAL MODE(N) OR 


PRINTERS 


MODEL 


SPEED (LPM) 


SPEED (LPM) 


SIMULTANEOUS MODE(S) 


1 


120 Column 


1,000 


800 


N or S 


1 


160 Column 


1,070 


835 


N 


1 


160 Column 


715 


600 


N or S 


2 


120 Column #1 


1,000 


800 


N or S 




120 Column #2 


1,000 


800 


N o^ S 


2 


160 Column #1 


715 


600 


N or"-S^ 




160 Column #2 


715 


600 


N or S "■ -.^., 



NOTE: Timing for the Data Record File and the Data Disc File will be dis- 
cussed in their respective sections. 

A complete table of instruction times is given in Appendix IV of the 
RCA 301 Programmers- Reference Manual. 



TIMING EXERCISE I : 

Time the problem found on pages XIX-8 - XIX-13. Assume the following volumes: 

10,000 masters 
9,500 transactions 

9,000 to be posted against existing masters 
500 new masters 



Do not time ED/EF, ETW, or Housekeeping. 



TIMING EXERCISE II : 

Time the program on pages XXI-10 to XXI-19. Assume the number of masters to be 
10,000, Do not time Housekeeping or EF routines. 



XXIV-4 



XXV - BATCHING 



If we were to break down and analyze the timing of the problem illustrated on 
page XXl^l.2, we would discover that only 9 seconds of the time was used for com- 
putation and that 11 minutes and 4 seconds was required to read in the infor- 
mation and write out the updated master. Of course, this relationship is due 
primarily to the fact that this is a very simplified program. 

Examining the time even further, however, we can see that the major portion 
of this time (11 minutes) was needed for start time. Here again, this extreme 
proportion is due to the fact that the size of the records is unreal istically 
small. However, it does point up the fact that the gap size and the up-to-speed 
time does play an important part in timing problems. 

Obviously, if we could rut iini;.Tn l^ he number of gaps to be processed , ingut- 
oirtput_£ime would d ppt-p ?;_s,p„, si.pjn ?" f-'i-t^'i'iro t- 1 y This is where " Jjatchi ng" becomes 
very important . 5"s wehave already mentioned, batching refers to the process 
of carrying numerous records in one block (a.Ja3-»&k — bein^ all .t he inform ation 
bet;HSiSn two ,ga pg ()f) i-qy;\eJ Taking the same problem, and batching the master 
records into groups of ten, but leaving our transactions in a one record per 
block state, our program would now appear as follows (ignoring the EF routine). 

Timing this program, we would find that we have added approximately 
3 1/2 seconds (for the Adds, Tally, and resetting Transfers), but we have 
cut the tape time by 8.4 minutes. The program time is now approximately 
6 , 7 minutes . 
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Ai SET 

INITIALLY 
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To Illustrate tow more concepts which can be applied to indirect addressing, 
let's assume that we have a reel of master information maintained in batched- 
variable fromat. Our batch size is 10 records, and the maximum size record is 
100 characters. 



The problem with which we are concerned deals with the printing of the in- 
formation in particular records specified by paper tape input. In order to do 
this, it will be necessary to obtain the address of the first character in each 
record. When initially batching the information, it would be possible to develop 
a list of addresses of the left hand end of each record: (we will eliminate the 
ED/EF and ETW senses) 
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TIMES 



SUB STA C=? 1 




MD 
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When we must program our print run, it will be quite easy to reach each re- 
cord. We will read in each batch, and using the first address in the list of ad- 
dresses as an indirect address, we will be able to locate the 5 digit account 
number of the first master. If we don-t find a match between the transaction 
account number and the account number of the first master in the batch, it is 
possible to increment the list-s indirect address by 4 to obtain the indirect 
address of the second master. This is due to the fact that it is possible to 
add (or subtract) a numeric from another numeric, the least significant digit 
of which has a zone bit in 2^ (indicating an indirect address). The numeric 
portions are added together (or subtracted), and the zone bit is inserted in 
the LSD of the sum (or difference): 

500C + 0004 = ^ 

5003 (with a zone bit in 2^ of the 3) + 0004 = 

5007 (with a zone bit in 2 of the 7) = 

500G 

When we finally find a match, the A address of the Compare instruction holds 
the indirect address of the correct master. By using this A address of the Com- 
pare instruction as an indirect address, we have created a multi-level indirect 
address, which will result in the placing of the address of the MSD of the pro- 
per account number into the A register before the Compare is executed: 



LIST: 



00 01 02 03 04 05 06 07 etc. 
50 50405123 



MASTER READ IN AREA: 

40 41 42 43 44 45 etc. 

50 12 3 4 5 

23 24 25 26 27 28 etc. 



51 



13 6 4 2 



PROGRAM: 



2140 Y 5 500G 7000 Compare Master: Transaction 

2150 W 1 2300 2270 

2160 M 5 214E 8000 Move Master Acct.# > Print Area 



REGISTERS : 



OP N A B 
M 5 214E 8000 

214E in the A register indicated indirect address so re- 
placed by contents of 2142-2145, which in our example 
are 500G: 



OP N 
M 5 



A B 
500G 8000 



500G in the A register indicates indirect address so re- 
placed by contents of 5004-5007, which in our example are 
5123: 



OP N 
M 5 



A 
5123 



B 
8000 



The instruction will now begin to execute. 
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XXVI - SIMULTANEITY 



It is obvious by this time that one of the prime requisites of a good pro- 
gram is that it must be efficient with regard to time and space (although com- 
promises must be made depending upon which is more important for a particular 
application). 

Timewise, a program can be written to be accomplished in a minimum amount 
of time, but once that minimum is reached even the best programmer in the world 
can not improve on it as long as he is forced to process the data one step at 
a time. The RCA 301 system allows the customer to better this minimum time, if 
he desires, by renting or purchasing an additional logic device, called the 
Simultaneous Program Control Unit. It is the utilization of this "mode" which 
is our next topic of investigation. 

We have already seen that computers are input-output bound; i.e., that to 
read a character into memory (or write it out from memory) takes a much longer 
time than any type of processing on that character once it is in memory. In 
an effort to handle this situation, all the input-output devices are "buffered". 
A buffer is an intermediary device which assures the speed compatability between 
two units. For example, we have already determined that it takes 100 us. to 
read one character from 10 kc magnetic tape. We also know that it only takes 7 us. 
(one cycle) to place a character in memory. To make the two time cycles compatible, 
the character is brought from tape into a one character buffer, and from there it 
is transmitted to the Memory Register and then into memory. 

Analyzing this time, it is obvious that the computer itself is busy only 7 us. 
of the 100 us. time, and that the remaining 93 us, of the time it is waiting for 
the next character. This same sort of relationship is true with each type of in- 
put-output device as the following table shows: 



DEVICE 


INSTRUCTIONS MUST 
ACCESS MEMORY FOR 


OUT OF EVERY 


Card Reading Equipment 
Card Reader 
Card Reader/Punch 


13.44ms 
13,44ms 


100ms 
75ms 


Card Punching Equipment 
Card Punch - 100 cpm 
200 cpm 
Card Reader/Punch 


6 . 72ms 

13.44ms 

6.72ms 


600ms 
300ms 
240ms 


Paper Tape Read or Punch (lOOcps) 


7us 


10ms 


Paper Tape Reader (lOOOcps) 


7us 


1ms 



Cont'd, on following page 
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DEVICE 


INSTRUCTIONS MUST 
ACCESS MEMORY FOR 


OUT OF EVERY 


Printer 120 col: Synchronous Mode 
Asynchronous Mode 
160 col: 

Synchronous Mode (full speed) 
Asynchronous Mode (full speed) 
Synchronous Mode (Reduced speed) 
Asynchronous Mode (Reduced speed ^ 


21ms 
28ms 

2 7ms 
37ms 
2 7ms 
37ms 


60ms 
76ms 

55.8ms 
71.8ms 
83.9ms 
100ms 


Monitor Printer 


7us 


100ms 


Data Record File 


7us 


400us 


Data Disc File 


7us 


62.5US 


Hi-Data Magnetic Tape Read-Write 


7us 


lOOus 


33kc Magnetic Tape Read-Write 


7us 


30us 


66kc Magnetic Tape Read-Write 


7us 


30us 



Having proved that the time is available in which to do another simultaneous 
operation, we must discover how the computer has the ability to keep track of two 
instructions operating at the same time. 

With the simultaneous program logic, the computer is equipped with a second 
set of registers. This second set of registers is the counterpart of the OP, 
N, A and B registers which keep track of the instruction being executed in the 
Normal Mode. These registers, (SOR( Simultaneous Operation Register), M, S, and 
T) keep track of the instruction being executed in the Simultaneous Mode. Entry 
to these registers is through the Normal Registers. That is, a Simultaneous in- 
struction is staticized in the Normal Mode and if the Simultaneous Mode is un- 
occupied, it will drop into the Simultaneous Registers before it begins to e^e- 
ecute, leaving the Normal Mode free to receive the next instruction. If the 
Simultaneous Mode is occupied, the Simultaneous instruction simply waits (does 
not execute) in the Normal Mode until the Simultaneous registers can accept it. 
During a situation like this the only thing that would be executing would be the 
instruction already in the Simultaneous Mode. 
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In the RCA 301 System, then the HSM is time-shared; i.e., during the time 
that an input-output instruction is in progress, but is not using memory, 
another input-output or compute instruction can use the memory. 

If an input-output operation is being executed in each mode, there can be 
a direct overlap; i.e., a 100ms. card read can be completely buried in a 100 ms . 
tape read. This is accomplished due to sequenced servicing of the input-output 
buffers. If, however, an input-output instruction is being executed in the 
Simultaneous Mode while a compute instruction is in process in the Normal Mode, 
the computation will have to be "interrupted" by the simultaneous operation in 
order to transfer the characters from the buffer into memory (or from memory 
to the buffer). This is obvious, since computation instructions (transfers, 
adds, compares, etc.) require the constant use of the Memory Register. Timewise, 
this means that if we were doing a 100 ms. tape write in the Simultaneous Mode, 
we would have 94.74 ms available for computation in the Normal Mode. 

The following matrix chart shows some operations that can be done simultaneously: 



SIMULTANEOUS OPERATION: 
NORMAL OPERATION: 


MAC 
READ 

(10) 


;netic "] 

WRITE 
(10) 


fAPE: 
READ 
(33) 
(66) 


WRITE 
(33) 
(66) 


PAPER 
READ 


TAPE: 
PUNCH 


CARDS: 
READ PUNCH 


PRINTER: 
PRINT 


MAGNETIC TAPE: 
READ (10) 


* 


* 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


WRITE (10) 


* 


■k 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


READ (33) (66) 


Y 


Y 


% 


% 


Y 


Y 


Y 


Y 


Y 


WRITE (33) (66) 


Y 


Y 


% 


% 


Y 


Y 


Y 


Y 


Y 


PAPER TAPE 
READ 


Y 


Y 


Y 


Y 


N 


% 


Y 


Y 


Y 


PUNCH 


Y 


Y 


Y 


Y 


%■ 


N 


Y 


Y 


Y 


CARDS 
READ 


Y 


Y 


Y 


Y 


Y 


Y 


N 


Y 


Y 


PUNCH 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


N 


Y 


PRINTER 
PRINT 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


@ 


COMPUTATION 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Y 


Y 



Cont'd. 



XXVI -3 



Where : 

Y means yes, the two operations can be done simultaneously. 

N means no, the two operations can not be done simultaneously since they would both 

be addressing the same device. 
% means yes, if 2 tapes are available and a different one is being used by each mode, 
* means yes, if both tape clusters are available, and one operation is being executed 

by a tape deck in one cluster, while the other operation is being executed by a 

tape deck in the other cluster. 
@ means yes, if both Printers are available, and a different one is being used by 

each Mode. 
% means yes, if both a Paper Tape Reader and a Paper Tape Reader/Punch were included 

in the system. 

As the chart shows, the only limitation is one of device ability. Obviously we couldn-t 
print in both the Normal and the Simultaneous modes at one time if we only have one Printer. 

To do an instruction in the Simultaneous Mode, it must be a Simultaneous instruction. 
Each output-input instruction we have had to date has a simultaneous counterpart: 



TAPE READ FORWARD SIMULTANEOUS: 
The OP code is 5. 

N contains the identification character of the input device (1-6, A-F, J or N, 
L or P, 8 or U) 

The A address is the HSM location which is to receive the first character on 
tape. 

The B address is the HSM location which is to receive the last character read 
from tape. 

The instruction is executed in the simultaneous registers, which means that 
Sj will be the address of the location one to the right of the last character 

read into HSM and Tf will be the same as T. (B.). 

As in the case in the Tape Read Forward Normal, the operation will terminate 
when the gap following the block is sensed. If S should equal T before this gap 
is located, the character will be read but not placed in memory. The PRi'S are 
NOT affected as they are used in conjuction with the Normal Mode. An ED or EF 
alone is accepted as a legitimate one character block and will set a Simultaneous 
ED/EF indicator which can be sensed using the CTC instruction with a - (minus) 
in the N character. 



TAPE WRITE SIMULTANEOUS 

The OP code is 9, 
N identifies the output device 

The A address gives the location of the first character to be written, punched 
or typed . 
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The B address gives the address of the last character to be written, punched 
or typed. 

The operation terminates when the entire sector has been written and at that 
point S holds the address one to the right of the last character written. 

Since there are two models of Card Reader and two models of Card Punch in the 
RCA 301 system, we shall discuss the simultaneous card instructions for the Card 
Reader (600CPM) and Card Punch (lOOCPM) first, and the instructions for the Card 
Reader/Punch (800CPM read and 250CPM punch) second. 



CARD READ SIMULTANEOUS (for 600CPM Reader) 
The OP code is 1 



N - 



1 
2 

k 
M 
8 



RESULT 



Reads single card or terminates (600CPM) continuous card reading 
Used in continuous card ending routine (600CPM) 
Used in continuous card reading cycle (600CPM) 
Used in alternate card reading cycle (300CPM) 
Used in alternate card ending routine (300CPM) 



The A address gives the HSM location to receive the first character read from 
punched cards . 

The B address is zeros (0000). 

S holds the address one to the right of the location of the character last 
rea m. 



CARD PUNCH SIMULTANEOUS (for lOOGPM Punch) 

The OP code is 1 
N is zero (0) 

The A address gives the HSM location of the first character to be punched. 

The B address gives the HSM location of the last character to be punched. 

The operation terminates when the information in the sector designated has 
been punched to cards. This allows for multiple card punching with one in- 
struction. S is the HSM address one to the right of the last character punched. 



CARD READ SIMULTANEOUS (for 800CPM Reader/Punch) 
The OP code is 1 
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N is 



SYMBOL 



K 
1 



RESULT 



Binary read mode specified 
Translate read mode specified 



The A address gives the HSM location to receive the first character read 
from punched cards. 

The B address is zeros (0000). 

Sf contains the address one location to the right of the last character read 
into HSM, 



CARD PUNCH SIMULTANEOUS (250CPM Reader/Punch) 
The OP code is 3. 



N is 



O(zero) 



CARD PUNCH MODE 



Binary 
Translate 



The A address gives the HSM location of the first character to be punched. 

The B address gives the HSM location of the last character to be punched. 

Sf is the address of the location one to the right of the last character 
punched . 



PRINT AND PAPSR ADVANCE SIMULTANEOUS: 
The OP code is C. 

N is the same as in the normal mode. 
The A address is zeros (0000). 



The B address gives in B^ ^ ^ the address of the left hand end of the print 
area and in B3 the type of pap^r advince: 

Type of Paper Advance B~ 



No paper advance 
Paper advnace using N 
register as count 

Vertical Tab channel 
control 



Page Change channel 
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In addition to these Simultaneous instructions, there are several Normal in 
structions that are used in conjunction with the Simultaneous Mode. 



CONDITIONAL TRANSFER OF CONTROL: 

The CTC allows us to sense two different states that relate to the Simultaneous 
Mode, One is the sense of the Simultaneous ED/EF indicator. To do this a minus {.CE>') 
must be placed in the N character. The A address gives the location of the next in- 
struction which must be executed if the indicator has been set; the B address, the 
location if it has not been set. 

The second test that can be made is of the type of instruction being executed 
in the Simultaneous Mode. This is done by placing a 4 in the N position. The A 
address gives the address of the next instruction to be executed if there is an 
Input instruction being executed in the Simultaneous Mode. The B address gives 
the location of the next instruction to be executed if an output instruction is 
being executed in the Simultaneous Mode. If the Simultaneous mode is unoccupied, 
no transfer will take place and the next instruction in sequence will be the one 
to be performed. 



STORE REGISTER: 

We discovered that the final contents of the A register (placed for us in 
most cases in STA) were important to us in many instances. The same will be true 
of the final contents of the S register, so that we must make sure that the Simul- 
taneous instruction has been completed before we store the contents of the S reg- 
ister with a STORE REGISTER instruction. To do this, we must place an 8 in the 
N character. The A address gives the right hand end of two diad sector which is 
to receive the address in the S register. The B address is zeros. An illus- 
tration of this will be shown later in this chapter. 



INPUT-OUTPUT SENSE: 

Another way of keeping track of what is going on in the Simultaneous Mode is 
to sense the device being utilized by the instruction which is being executed in 
the Simultaneous Mode. 'Hiis can be done with an INPUT-OUTPUT SENSE instruction. 
The interrogations that would be utilized in this manner would include: 

1, magnetic tapes (1-6 or A-F for lOkc; J or N for 33kc; L or P for 66kc) 
a, is tape now in motion (Ag is 2) 

2, paper tape reader or punch (8 and 9 respectively) 
a, is the selected device operating (Aq is 2 ) 

3, card reader or punch (card reader (, and) is the card punch) 
a, is the selected device operating (Ag is 2) 

4, printers (7 or G) 

a. is a line being printed (Aq is 2) 

b. is the paper advancing (Aq is &) 
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Having obtained a basic understanding of Simultaneity, we should apply what 
we have learned to a number of example problems. If we remember one rule, we 
will never have any difficulty when laying out a program with simultaneity. The 
rule is never to do processing in the same area at the same time in both modes. 
For example, it would be disastrous if we started to read in the Simultaneous 
mode and immediately began to process on that data in the Normal Mode. Since we 
already know that it takes 9.8ms. for the tape to get up to speed, it is quite 
obvious that we would not be processing the new data that we are planning to 
read in but rather the old data that was in the area. In most cases, all "no" 
answers to the following tests will prevent any difficulties: 

1) Are we processing data that we haven- t brought' in? 

2) Are we putting out data that we haven't finished processing? 

3) Are we reading in new data to an area before we are finished processing 
the old data? 

Example I : 

We have 10,000 records to bring in, compute, and print. The approximate 
read time per record is 55ms.; the compute time is 5ms.; and print is 76ms. 
Timing this program without using simultaneity, our time is approximately 23 
minutes. Suppose, however, we overlap the Read and the Print as follows: 









^^5 -X 


















READ 1 


c 



M 

P 


READ 2 


1 


1 


c 


M 
P 


READ 3 


1 


C 

M 
P 




WA 




PRINT 1 


x.^ 

^■■w 


PRINT 2 












60 






16 













[/^ REPRESENTS UNUSED TIME 




PRINT SIMULT 



J 
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Timewise, we can see that we have processed one record completely (Read, 
Compute, and Print) under the bracket. We know that the Print takes 60 ms. 
and since the Read takes only 55 ms, we can bury it completely in the Print. 
We will not want to start computation, however, until the Print is entirely 
done, since the computation is primarily setting up for the next print. How- 
ever, there is 16 ms, of paper advance time which must be done before the next 
print can be accomplished, therefore the compute time is actually buried in this. 
Our time now is only the print time of 76 ms, per record or a total of 12 and 
2/3 minutes, a savings of approximately 10 minutes. 

Checking our rules, we can see that we can-t compute until we have finished 
reading simply because of the sequence of the Normal instructions. We can-t 
Print before we have finished computing, again due to instruction sequence. We 
don't care if we Read in a new record while we are in two different areas. 
We do, however, run into a problem due to the fact that we have the possibility 
of starting to set up the new print area before we finish printing out the old 
line. To prevent this, we can incorporate one of two senses. One way is to 
determine if an output instruction (Print) is being done in the Simultaneous 
Mode and if it is we can transfer to the inquiring instruction: 

1760 W 4 1830 1760 
1770 start the computation 

1830 Q 0000 0000 There should not be an input instruction going on in 

the Simultaneous Mode, as none have been staticized. 

This sets up a program loop that will not be ended until the Print is finished. 

Another way to handle it is to inquire of the Printer whether or not a line 
is being printed. If the answer is yes, we will again set up a loop. If the answer 
is no, either the paper advance has begun or the entire instruction has been com- 
pleted, and in either case we are safe to start setting up the next print line, 

1760 S 7 2000 1760 

1770 start computation instructions 

Flow-charted the program now appears as follows: 




2 / IS LINE 

BEING PRINT- 
ED? 



Yes 



<D 
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Taking another example suppose we wished to duplicate a file of 10,000 re- 
cords . Assuming that we have 2 Hi Data Tape Groups and that we read from one 
group and write to the other, our read time (and write time) is 70 ms , per re- 
cord (600 character records), and our compute time is not worth including. Pro- 
cessing this in the Normal Mode would take 23,3 minutes. If we could overlap 
the reads and the writes, however, we could cut our time almost in half. To this 
we will have to utilize dual areas, that is to say, we will set up two read in- 
write out areas instead of one. While we are reading into A, we could be writing 
out from B; then while we read into B, we could be writing out from A; etc. 



N 


READ A 


READ B 


READ A 


READB 


READ A 


READ B 


READ A 


- 


S 


WM 


WRITE A 


WRITE B 


WRITE A 


WRITE B 


WRITE A 


WRITE B 
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Timewise, we can overlap the reads and writes completely. Our total time 
for processing 1 record, then will be 70 ms. The total processing time will be 
11.7 minutes . 

No safeguards are needed since the simultaneous operations act as a guard 
on each other; i.e., it would be impossible to read into A before the write of 
A is completed since it is impossible to start the write of B (which is Simul- 
taneous) until the write of A has been completed in the Simultaneous Mode. The 
write of B, therefore, holds up the read of a new A until the old A has been 
written out. Coded, it would appear as follows: 
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TITLE Simultaneity Example 1 

CODER 

REMARKS 



DATE 
SEGMENT NO. 



I 



FROM 
INST. 
LOC. 


NO. 
OF 
INS. 


HSM 
LOCATION 


1- 
< 
o 
_l 
u. 


sr 

< 
o 

_i 

u. 


OP 


N 


A 


B 


REFERRED 
TO 
BY 


■ 




BOX 
NO. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


R EMARKS 


E 


100 








J 


1 




























RWD IMHJ'I' 








1 ^ 








J 


A 




























RWD OOTHJT 




1100 


8 


c 





if 


1 


■5 











■j 


■5 


9 


9 




READ A 


1 




^ 








W 


B 


T, 


A' 


1^ 


F 


1 





If 







ed/ep? 


2 




k 








S 


A 


k 











7, 


T 


W 






E-I'W? 


^ 




1 s 








^ 


^ 







Jl, 





5 




9 


9 




WRi'i'E A SUXnjIZPANEOUS 


If 


e: 


106 « c 




if 


1 


6 











6 


■? 


9 


9 




READ B 


5 






7 "^ 








w 


8 


E 


T),/ 


K 


7 


1 





8 







ed/ef? 


6 




8 








s 


A 


k 








Q 


E 


T 


w 






"^ ' ™ ' — — — __ 1 


7 




9 ^ 





n 


9 


A 


6 











6 


5 


9 


9 




WRITE B SIMLJIffAREOUS 


R 




110 c 








V 


1 





2 


1 


9 


1 





2 







TRARS 1 









































i< 























































































































































' 







































u 































B 





u 
































jj 


n 


u 









































































n 


















































































^ 


^ 
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Suppose the file had been of variable length and we had done the Reads in 
the Simultaneous Mode. We would have to modify the different write instructions 
before executing them, in order that they might contain the proper righthand 
limit. To do this, we must Store S after the read is completed. 

Bar graphed, flow charted, and coded, the program would appear as follows: 



N 
S 



'////// 


Write A 


Write B 


Write A 


Write B 


Write > 


Read A 


Read B 


Read A 


Read B 


Read A 


Read 7 
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STR S-» 15(B) 



12 



SUB 15(B) - 1 
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TITLE SlBniltanelty Example 2 

CODER 

REMARKS 



DATE 
SEGMENT NO. 



FROM 
INST. 
LOG. 


NO. 
OF 
INS. 


HSM 
LOCATION 


.....^ 

< 

-I 
u. 


-a- 

< 

_l 
IL 


OP 


N 


A 


B 


REFERRED 
TO 
BY 






BOX 

NO. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


R EMARKS 


[I 


im 








f 


1 




























RWD TfmVf 








1 


() 





• 


A 




























RWD OUTPUT 






2 








5 


1 


? 











5 


5 


9 


9 




READ A SIMULTANEOUSLY 


1 


14,^8 


3 





c 


w 


h 


1 





3 





1 


1 


8 







SENSE SIMO MODE READ -►2; WRITE -^HAIff 


2 




k 








w 





E 


B/ 


E 


F 


1 





■? 







ed/ef SIMUL? 


3 




5 c 







V 


8 


1 





^ 


^ 


n^J 













STR S-»8 (b) 


1^ 


1 ^"' 


106 





e 


3 


1 





9 


9 


1 


1 


9 


9 




SUB 8 fB) f^^L 


5 






7 








-5_ 


1 


6 











6 


■? 


9 


9 




READ B SIMULTANEOUSLY 


6 




8 








s 


A 


k 











E 


T 


w 






EW? 


7 




9 ° 








8 


A 


■7 











(0 








3) 


I)-.5 


WRITE A NORMAL 


8 


mo 


110 c 








w 


k 




1 








1 


1 


8 







SENSE STMO. MODE READ-* Q-, WRITE -► HATff 


Q 




1 








w 


Q 


E 


^ 


E 


F 


1 


1 


2 







ed/ef SIMUL? 


10 


E 


.112 





V 


8 


1 


1 


6 


9 
















STR S-*15 (b) 


11 






^ 








© 


^ 


1 


1 


$ 


9 


X 


1 


9 


9 




SUB i-s (-n) ©1 


12 




If 







? 


i 


"5 


Q 








■5 


"} 


9 


9 




READ A SIMULTANEOUSLY 


I'R 




? 


V 





s 


,A 


^ 











E 


T 


W 






ETW? 


ih 




6 «^ 








8 


A 


6 











fo 








3) 


11,35 


WHITE B NORMAL 


m 




7 C 








V 


1 





2 


1 


J^ 


1 


Q 


J. 







TRANS 2 




II lU 1 , 

1030 1 A 


■ ^118 





m 































HAizp Terror') 


17 






9 








HI 


























1 




CONSTANTS 
























































































































H 


f) 


^ 


^^ 






^ 
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ATI these problems deal with single files, but we have already discovered 
that most computer programs are of an updating nature, which means we will have 
two (or more) files to process. Suppose we had this problem to solve with 
SIMULTANEITY: 

At the end of the moTith, we are going to post all payments against our 
Accounts P4yable file. There are 1,000 masters in the Accounts Payable file 
containing an average 200 characters. There are 990 payments being made, and 
the data in this transaction consists of an 8 character Account Payable code 
and a 7 character payment (fixed). Compute time is approximately 15 ms. per 
updated master. Flow charted our program would look as follows: (Assume HALT 
for error out of sort transactions., and that both clusters are available. The 
Master Input is on tape deck 1, the Transaction Input on 3, and the Master 
Output on A. Assume 1 Transaction per Master maximum). 
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B 



1 



READ 
A M 



7/ 



R 

A T 




WRITE 
A M 



I 



WRITE 
B M 



WRITE 

k M 




^ 



R 

B T 



READ 
B M 



R 
A T 



READ 
A M 



HSKP6 

READ A MASTER 

READ A TRANS 




COMP A 




COMP B 




M<r 





15 ANORfcT 
READ 
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As we can see, the program is completely safeguarded because of the Reads. 
Since only 1% of the masters will not have transactions, we have arranged to 
write out the non-updated masters from their read in areas and replace them with 
the next master In the file. This will mean that we can always be posting a 
transaction in the A area against a master in the A area, and a B transaction 
against a B master. This will save us programming and in this case it is ad- 
visable due to the low hit nn the master without transaction path. 

Timewise, we can figure out the approximate time it would take to complete 
this program in the Normal Mode:: 

Read of a Master: 
Write of a Master: 
Read of a trans : 
Computation 

or 2 minutes 13 seconds. 



39.8 


ms,. 


times 


1000 


records 


39.8 


sec 


56.3 


ms . 


times 


1000 


records 


56.3 


sec 


22,3 


ms. 


times 


990 


records 


22.1 


sec 


15 


ms. 


times 


990 


updatings 


14.9 


sec 



133.1 sec. 



Timing with Simultaneity, we can overlap the Reads and Write of 990 of 
the masters. The Read can be completely overlapped. For 10 of the masters we 
are not overlapping, so that both the read and the write time must be included. 
The computation is easily taken care of in the read of the transaction, so that 
we need include only the read time: 



56.3 ms X 990 
39.8 ms X 10 
56.3 ms X 10 
22.3 ms X 9^90 



55,7 sec. 

.4 sec. 

.56 sec. 

22.1 sec. 



78.76 



or 1 minute 19 seconds. 



Taking another problem, suppose we had 100,000 two hundred character re- 
cords which were to be read, and printed, and suppose further that we had two 
33 kc tapes and 2 printers available. This would mean that we could process 
half the data on one reader and printer, and the other half on the other reader 
and printer. Our bar chart would appear as follows: 




76 ms. X 50,000 records is approximately 1 hour and 4 minutes. Comparing 
this with the processing time it would take if we only had 1 tape unit, 1 printer 
and no simultaneity, we find that we have cut our time in half. 
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At this point we should examine the principle of "interrupt" more closely. 
Memory interrupt occurs whenever an input/output device is accessing memory. For 
example, the 7us, it takes to transfer a character from the buffer to memory in 
a tape read instruction or the scanning process in a print instruction. Interrupt 
becomes significant when working in 2 or 3 modes at once since the simultaneous 
or R.F. Mode instructions will "interrupt" the normal mode when it is ready to 
access memory. For this reason there will be less available time in the normal 
mode. For example: 

When reading from tape and computing in the normal mode and printing in the 
simultaneous mode, interrupt will occur. If the printing is at a rate of 1000 
lines per minute in the synchronous mode, the print instruction must be executed 
within 60 ms . The interrupt time is 20.069 ms . (for scanning etc). 

44 ms read time 
20.069 interrupt 

24.931 time available in the normal mode. 
+ 16 ms P. A. time = a total of 40.931 ms. 

a tolerance of +3% tocE?5% should be allowed for the printer so that approximately 
38 ms are available for reading and computing. 



SIMULTAKEIIY EXERCISE I : 

We have a stack of 1200 cards which we are to read in one at a time, do 
some computation on and print out a line of summary information. The compute 
time is 15 ms . per card, and assume single spacing. 

Bar graph and flow chart the problem. 



SIMULTAJMEITY EXERCISE II : 

We are to process one reel of magnetic tape consisting of 1200 six hundred 
character records. The computation will take approximately 15 ms . and then a 
summary line is to be printed (single space). 

Bar graph and flow chart the problem. 



SIMULTAJMEIIY EXERCISE III : 

Referring to the Exercise given on page XVII-7 (ITERATIVE CODING EXERCISE I) 
bar graph and flow chart this same problem using SIMULTANEITY. 
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XXVII - EDITING 



In the prior chapters, we have assumed that all printing has been done on 
pre-printed forms that would have appropriately placed dollar signs and lines 
to separate dollars from cents and thousands from hundreds. The only thing 
that we were responsible for was suppressing any insignificant zeros and 
right justifying the amounts so that the columns would be properly aligned. 

Suppose, however, we were given a program to write in which we were re- 
sponsible for inserting the dollar sign, decimal point, and commas, in addition 
to the above editing. How would we handle this? 

Let-s take a sample application. Suppose that we are to print bank state- 
ments and that one entry is the balance in the account, which we will limit to 
a maximum of 8 characters. We are to print out this field with all the necessary 
accounting symbols, with no insignificant zeros and with the proper sign. For 
this problem, we will assume that the dollar sign will be in a fixed location on 
each statement. 

Initially, in housekeeping, we should place a decimal point and a dollar 
sign in the edit field (the print area), so that it would appear as follows: 











comma, 
if need- 
ed . 








decimal 
point 






sign 


$ 
























1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 



Note that the edit field will require 12 positions: 8 for the maximum 
amount, 1 for a dollar sign, 1 for a decimal point, 1 for a comma (if needed) 
and 1 for a sign position. 

The first step in the editing portion of the program would be to clear from 
position 2 through position 5 to spaces. It would not be necessary to clear the 
cents position since this will always appear on every statement, even if it is 
only ".00". 

Then, in the original, data area, we must find the rightmost insignificant 
zero. In order to safeguard the program against the possibility of a maximum 
field, we will locate the lack of a zero up to, but not including, the cents 
positions (assume a dummy position immediately to the left of the data field). 
In this way we will end up with an address in STA which will be the location 
of the rightmost insignificant zero (if there are any present) or the location 
immediately to the left of the data field (if there are no zeros). Then us- 
ing STA as an indirect address, we will be able to fill with spaces from the 
dummy position through the address in STA, thus clearing everything except the 
significant digits. 
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The next step would be to move just the cents to the edit area so that they 
would fall to the right of the decimal point. 

Assuming that the original data area was of no further use, we could now 
examine the least significant digit for the sign. This could be accomplished by 
using a Logical And Instruction to mask out all the bits except the 2 , and then 
use a Conditional Transfer of Control testing the PRI-s to find if the result 
had any 1 bits in it. If it did, PRP would be set and this would indicate a 
negative amount. This condition would require masking out the 2 bit of the> 
least significant digit in the edit area, to eliminate the sign bit, and then 
inserting a minus sign in the sign position of the edit area. If the PRN were 
set, this would indicate a positive amount and the only step that would have' to 
be taken would be placing a space (which represents a plus sign) in the sign 
position. 

At this point we could move the right three dollar locations in the original 
area to the left of the decimal point in the edit area. 

In order to determine when the operation finishes, we could then test the 
thousand's position in the original area. If a space is present in that location, 
the routine is finished. If the character in that position is greater than a 
space, some error must have occurred (the data is hot numeric) and the routine 
should act accordingly. If the character is less than a space, there are more 
numeric characters left to be transferred, so a comma should be placed in the 
edit area and then the last three dollar positions should be moved from the 
original area to the edit area. 

Flow charted, the routine would look as follows: 
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PRP 



MASK OUT MINUS BIT 
IN EDIT AREA 



EO 



INSERT MINUS SIGN 
IN EDIT AREA 



SF 







CLEAR EDIT POSITIONS 


2 - 5 TO SPACES 


SF 


FIND RIGHTMOST 


INSIGNIFICANT 


ZERO IN DATA AREA 


LSL 


CLEAR INSIGNIFICANT 


ZEROS TO SPACES 


IN DATA AREA 


SF 


MOVE CENTS -, 


EDIT AREA 


DR 







EXAMINE 

SIGN IN 

DATA AREA 

LA, CTC 




IND ADD 



PRN 



INSERT PLUS (SPACE) 

IN EDIT AREA 

SF 



MOVE FIRST THREE 
DOLLAR POSITIONS 
DR 




IS NEXT POSI- 
TION IN DATA 
AREA A SPACE?> 



13 



m 



PLACE COMMA 
SF 



MOVE LAST THREE 
DOLLAR POSITIONS 
DR 
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We could time each step in this routine in every program that used it, or 
we could develop a timing formula for it initially, and then when we incorporate 
this particular editing approach in a program, we could incorporate its timing 
formula into the total time calculations. This formula is, of course, nothing 
but an accumulation of the individual instruction times. For the flow charted 
routine it would be (in microseconds): 



567 + 21n + a + b 



where 



n = the number of insignificant zeros 

a = if the amount is positive or 
105 if the amount is negative 

b = if the amount contains less than 6 digits 
133 if the amount contains 6 or more digits 



EXAMPLES: 



E* 
X 
T 
R 
A 





3 


6 


7 


3 


1 


2 


3 



1 23456789 

*Extra one character needed for maximum field protection. 

Locating the rightmost insignificant zero between position 2 and 7 of the 
data field and then using STA as the indirect address in the B address of a 
sector fill, we can clear from position 1 - 2 to spaces. 



3 6 7 3 12 3 



Transferring the cents to the edit area, it appears as follows: 



EDIT AREA 



$ 
















' 


2 


3 





By masking out all bits of the least significant digit in the data field ex- 
cept the 2 position and then doing a test of the PRI'S we can determine that this 
is a positive amount and therefore insert a plus sign (space) in the edit area. 
Transferring the dollars, tens, and hundreds figure we then have: 
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$ 










7 


3 


1 


> 


2 


3 






Examining the thousands digit in the data area, we find that it is a decimal 
digit (< space), and therefore, insert a comma and transfer the last three digits: 



$ 


- 


3 


6 


J 


7 


3 


1 


• 


2 


3 


— 



Time: 



567 + 21 X 1 + + 133 = 721 us. 



2. 


E 
X 
T 

R 
A 














1 


2 


7 


N 




EDIT AREA 


$ 


- 


- 


- 


- 


- 


1 


2 


• 


7 


5 


o 



Time: 

567 + 21 X 4 + 105 + = 756 us. 

For a second example, let-s assume that we are to print checks. For security 
purposes, the dollar sign should always be printed immediately to the left of the 
left of the most significant digit of the amount, so this will require what is 
called a "floating" dollar sign. The routine is basically the same as with the 
fixed dollar sign, with certain modifications: 

1) It will now be necessary to clear the edit area from position 1 to 5 , 
since the dollar sign will be placed in the edit area in a different 
position each time, rather than being placed once in housekeeping. 

2) After clearing the insignificant zeros to spaces, it will be necessary 
to again use STA as an indirect address, and place a dollar sign ($) 
over the rightmost space in the data area. This will place the dollar 
sign immediately to the left of the most significant digit. It seems 
unnecessary to place a space in this location and then a dollar sign 
over it, but this is cheaper, timewise, than a modification of STA 
would be. 

3) When sensing the thousands* position for a space, we now have the 
possibility of discovering a character which has a binary code greater 
than a space. This would be the dollar sign, and would indicate that 
the operation could be terminated simply by placing a dollar sign in 
position 5 of the edit area. 
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The time formula for this routine is slightly greater due to the addition of the 
above steps : 



637 +21n+a+b (in microseconds) 



where : 



n = the number of insignificant zeros 

a = if the amount is positive or 
105 if the mount is negative 

b = 1^7 if the edited amount contains more than 5 digits 
if the edited amount contains less than 5 digits 
56 if the edited amount contains exactly 5 digits 



EXAMPLE 1: 



DATA AREA 



EXTRA 








2 


6 


5 


1 




2 


3 


- 


- 


- 


2 


6 


5 


1 


2 


3 


- 


- 


$ 


2 


6 


5 


1 


2 


3 



EDIT AREA 



- 


- 


$ 


2 


) 


6 


5 


1 




2 


3 


- 



Time: 

637 + 21 X 2 + + 147 = 826 us. 
EXAMPLE 2 : 

DATA AREA 



EXTRA 

















2 


3 


1 


- 


- 


- 


- 


- 


- 


2 


3 


1 


- 


- 


- 




- 


$ 


2 


3 


1 



EDIT IN PLACE 
EDIT AREA 



- 


- 


- 


- 


- 


- 


$ 


2 


• 


3 


1 


+ 



Time: 



637 + 21 X 5 + + = 742 us. 
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Editing Exercise I: 

A file of fixed length, 116 character records is to be read into memory 
and then printed out to the on-line printer (one record per line) from this 
initial read-in-area. All the information except the last 8 characters, ts 
already edited for printing (either fixed in length such as stock number, or 
alphabetic and carrying spaces, such as description). These last 8 characters, 
however, represent a dollar amount and carry insignificant zeros if needed. 
Your portion of the program is to edit this amount in order to: 

1) eliminate insignificant zeros, if any; 

2) place a fixed dollar sign at the leftmost position of the amount field; 

3) place the proper sign in the rightmost position of the amount field; 

4) insert a decimal point; 

5) right justify; 

6) insert a comma, if necessary. 

Note that the amount will fall in positions 109-116, which will give you 
the additional 4 locations (117-120) needed for the editing. 

Flow chart your routine, and develop a timing formula for it. (Assume 
for timing purposes only that at least one insignificant zero will be present 
and at least 1 character that is not equal to will be present.) 
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XXVIII - EROGRAM CONTROLS 



In every program there are certain controls which, nsist be incorporated. 
These are not actually a part of the production program, but they are necessary 
in order to process the data in a smooth, orderly, and controlled fashion. 

These routines include such things as: 

1) Housekeeping 

2) ED routines 

3) ETW routines 

4) EF routines 

5) Error stop routines 

It must be remerabered that although certain things must be accomplished by 
each of these routines, the complexity and the manner in which they are handled 
are a matter of programming specifications of the individual installation. 

Using a sample problem, let-s now investigate how we might program for these 
sub- routines: 

We have 20,000 employees each with the following master: 

EMP NO. SEC DEPT NAME ST. ADD C-S ADD. NO OF DEPENDENTS 
5 3 2 25 20 20 2 

TOTAL WITH. TOTAL S.S. TOTAL GROSS 
6 5 7 

We will have no more than one transaction for each master, but there may 
be transactions with no masters, and vice-versa, masters with no transactions. 
The transactions have the format: 

EMP. NO. WEEKLY WITH. WEEKLY S.S. WEEKLY GROSS 
5 4 3 5 

If a transaction comes in with no master, it will have the same format as 
a master and must simply be written out to the master tape. 

We will assume that the master file is multi-reel, but that the transactions 
are contained on one reel . 

The tape allocations are as follows: 

Master input 1 and 4 
Master output 2 and 5 
Trans . input 3 
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SYSTEMS CHECKS: 

Since it is absolutely necessary to maintain a strict control over the data 
being processed, many safeguards are incorporated in programs to assure their accuracy. 
The number and type of safeguards programmed will depend, of course, on the require- 
ments of the specific installation. The following are just a few of the common ones: 

Tape Labels: 

In order to be sure that the operator has mounted a specific reel of data, 
tapes are given unique labels or names. This label is the first block on the 
tape. The program is then written in such a way that before the tape is processed 
this first block is read in and compared with the proper name of the reel. If 
equality exists, the processing may begin. If the labels are not alike, the op- 
erator must be notified and he must then mount a new tape. This sort of pro- 
cedure will continue until the correct tape is on the tape unit. 

The actual format of a tape label is decided upon by the individual in- 
stallation. Our example, however, appears below: 

IDENTIFICATION REEL NUMBER DATA WRITTEN PURGE DATE 
8 3 6 6 

Each file is given a unique identification number (or alpha name). 

In our problem we will use: 

MASTER: 

MASPAYRL (MASTER PAYR OLL) 

TRANSACTION 

PYRLIRNS (PAYROLL TRANSACTIONS) 

Each reel within that file has a reel number: 001, 002, etc. 

The date written is, of course, the date the tape was prepared, and the 
purge date is the date when this particular reel will again be available for 
new data. This last item is extremely important, as most installations work 
on what is termed the "grandfather-father-son" system. This simply means that 
two back-up files are kept for each file so that if it becomes necessary to 
reconstruct the file it can be accomplished with the least amount of work. 

When a tape label is constructed, the DATE WRITTEN is obviously todays 
date. The PURGE DATE couW be developed by the program simply by increasing 
todays date by the number of processing periods that we are going to keep 
this tape as back up. For example, if the processing cycle is, as in our ex- 
ample, 1 week, we would want to keep this tape no less than 3 weeks. In order 
to determine if the tape mounted is the correct tape, we would have to compare 
the tape label already on the reel with the correct tape label. At the beginning 
of the program (for our master) we would have the file identification and 001 
indicating the first reel. 
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The DATE WRITTEN would be todays date less one week. To avoid having to 
go through the portion that modifies the date, we will assume that we will bring 

in at the beginning of the run: 

^ PURGE DATE OF 

TODAY'S DATE DATE IfflilTTEN FOR THE MASTER DATE WRITTEN FOR TRANS. THE NEW MASTER 
6 6 6 6 

Not only will we have to check the tape label of the master file, we will 
also have to check the tape label of the transaction file. Since the master is 
a multi-reel file, we will have to modify the tape label as to reel number in 
order to check the tape labels of all the subsequent reels. 

So far we have discussed only the input tapes. We can easily see that we 
must also label the output tapes, so that these labels can act as a check during 
future processing. 

Trailer Record: 

In order to ascertain that all records in a file have been processed, it 
is common to carry an additional record that appears after the ED (or EF) on 
a reel. This is called a "trailer record". This trailer record may contain 
a number of things, but the most common is a count of the number of records on 
that reel. When the tape is first prepared, this count is developed by simply 
adding one each time a record is written to the tape. When ETW is sensed, this 
trailer record is placed on the reel. The next time the reel is processed, one 
is added to a work area each time a record is read in from the tape. When the 
ED is sensed, it is a simple matter to read in the trailer record and compare 
the two counts to make sure that each record in the file has been processed. 

Another type of total that is often placed in the trailer record is called 
a "hash count". This is the sum of all the criteria of the records in the file 
(for example, the sum of all the employee numbers). This is developed and used 
in the same way as the record count, but becomes even more important if we should 
gain or lose a record. If, for example, we have the following trailer record: 

ff OF RECORDS. 8000; HASH TOTAL 34625347 

and at the end of processing the file we find: 

# of records 7999 
hash total 34612345 

we can easily determine that 1 record has not been processed and that record has 
an employee number of 13002. 



CONTROL TOTALS: 

To verify any arithmetics which might be done in the program, control totals 
may be utilized. For example, the trailer record of the transaction file may 
contain the number of records and the sum of all the weekly gross salaries. 
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The trailer record at the end of the master file may contain, in addition to the 
record count and the hash count, the sum of all the total gross salaries. By 
adding these two together, we should be equal to the new sum of the total gross 
salaries, which will then become part of the trailer record on the new file. 



LIMIT CHECKS: 



Another type of check is called a "limit check". This is performed while 
processing each record. For example, in our problem we might have checked to 
make sure that no weekly gross salary exceeds $250. If any exceed this limit 
the transaction could be treated as a reject. 



MAIN PATH - 1 




ED/EF? 



-J 90 



ADD 



TRANS. IN. CTR.+ \ 




Ai SET BY 22 
A2 SET BY 24 
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H-> T 



24 



27 

28 

29 
30 



SET 



A-> A2 




TRANS TOT. GROSS 
-* WATG 


ADD 
2 TOT 


. GROSS + WATG 


1 


ADD 
MAST. 


miTPUT CTR+ 1 


ADD 
OUT HASH CTR+ EMP # 







MAIN PATH - 2 



ED/EF? 




70 



ADD 



MAST IN CTR+ 1 



ADD 
IN HASH CTR+ EMP # 



10^- 
— / MAST EMP # 
I TRANS EMP # 



11 



TRANS 



W. WITH -> WAWW 



12 TRANS 



13 

14 
15 

16 
17 

18 



Vf ^nr «;Fr ^ WAWSS 



TRANS 



w , r,Rnss^ WAWGR 



ADD 



rriT WITH + WAWW 



ADD 



jnT <;nr SFC + WAWSS 



ADD 



TnT GROSS + WAWGR 



TRANS 
NEW TOT. GROSS^-WATG 



ADD 



2 TOT. GROSSrt-WATG 



21 


ADD 
MAST. OUTPUT CTR + 1 


22 


ADD 
OUT HASH CTR+ EMP # 




1 


23 


SET A-» A, 



d) 



M< T 





34 

35 

36 



TRANS TOT. GROSS 
WATG 



ADD 
S TOT. GROSS + WATG 



ADD 
MAST OUTPUT CTR + 1 



ADD 
OUT HASH CTR+ EMP # 



© 
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HOUSEKEEPING: 



We have already discovered that a number of steps must be executed 
before the production part of the program is begun. 

Summarizing: 



1) 
2) 
3) 

^) 
5) 
6) 

7) 



all tapes must be positioned at BTC 

tape labels on input tapes must be checked 

tape labels on output tapes must be checked to see if the purge 

date has passed and the tapes are available for re-use 

tape labels must be put on the output tapes 

any areas to be used as counters must be cleared to zeros 

variable connectors and modified addresses should be set at 

their initial condition to facilitate re-start if necessary 

any steps unique to the program itself should be performed 



HOUSEKEEPING - 1 



1.04 




1.05 



TRANS PROC DATE 

MAST INPUT TAPE ISABEL 



1.06 




1.07/'^ 

I COMPARE 

V TAPE LABELS 




130 
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HOUSEKEEPING - 2 



1.08 



TRANS PROC DATE 
TRANS INPUT TAPE LABEL 



1.10, 



1.12 






140 



1.15 
1.16 



TRANS TODAY'S DATE 
TO OUTPUT TAPE LABEL 



TRANS PURGE DATE 
TO OUTPUT TAPE LABEL 



1.17/ 



1.18 
1.19 
1.20 




CLEAR CTR AREAS AND 
\finuv APFAS TO 7FPnS 
PLACE ZEROS PRECED- 
ING READ IN AREAS 



SET A^ A 



© 
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ETW ROUTINES: 

Throughout the program we are checking for the ETW market on the tape. 
When it is recognized, an indicator is set and sense of this indicator 
will transfer the program to an ETW routine. At this point we must place 
an ED on this reel, and follow it with the appropriate trailer record. 
The trailer counters can then be put back to zeros. Once this is on the 
tape, the next step would be to initiate the Rewind of that reel. At this 
point it will be necessary to notify the operator that the tape on that 
particular tape deck is exhausted and that a new reel will be needed. How 
this is accomplished will be discussed under the topic HALT ROUTINES. Having 
notified the operator, we have two choices. One is to simply wait until he 
has mounted a new tape, but this could means forcing the computer to stand 
idle for four or five minutes. The other choice is to perform a "tape swap" 
which will simply change all the references to this first tape deck to a 
second tape deck, on which there is a new reel. The processing can continue 
utilizing this second reel while the operator is replacing the first reel. 
The next time through we can swap back to the first reel while the second 
reel is being replaced. This can continue until the file is exhausted. To 
keep the programming at a minimum, it would be advisable to have one location 
which would always hold the address of the new tape unit and then simply 
have a number of instructions that would transfer from that location to 
each instruction which must know the tape unit (ETW, WRITE, etc.). To do 
this, we must have the ability to change (in our example) a 2 to a 5 , and 
vice versa. Using the Exclusive OR we find that this is relatively simple: 

2 is 000010 
modify by 000111 

yields 000101 which is 5 

5 is 000101 
modify by 000111 

yields 000010 which is 2 

etc. 



We will want to make sure that the new reel of tape is available for 
processing (todays date > purge date), and if it is, we will want to re- 
place the old tape label, with the proper tape label. (Every tape in the 
system must have a tape label of some sort, or at least a control symbol 
such as ED at the beginning of the tape. We will assume that tapes in our 
example system are all marked with full tape labels). Once this is done, 
we are ready to transfer back to the program where we left off. 

Since there are often many senses for ETW on the same tape, it is ad- 
visable to write a common ETW routine for each tape unit. The only thing 
that will be modified, therefore, is the re-entry point, and this is easily 
determined by picking up the contents of STP after the I-O Sense. 
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19 
25 
31, 



ETW? 



ETW ROUTINE ■ 1 



40 



TRANS STP 



->EXIT 



41 




42 
43 



TRANS 

OUT CTR-* TRAILER 



TRANS 

HASH CTR-* TRAILER 






/ HALT \ 








47 


TRANS NEW TAPE 

llh4ITi*~> 15 


48 


UNIT #--> 20 


49 


UNIT#— > 25 


50 


UNIT#— > 26 


51 


UNIT#— > 31 


52 


UNIT# — > 32 


53 


UNIT#— > ^1 


54 


UNIT#— > -^4 


SS 


llNIT#--> 45 


'>6 


UNIT it — > 61 


."57 


UNIT #— > 62 


58 


UNIT #"> 64 


59 


UNIT#— > ^^ 




1 


60 


MODIFY TAPE UNIT 




ETW ROUTINE- 2 




TODAY'S 
DATE : PURGE^ 



.0 



65 



67 



68 




CLR OUTPUT CTR 



CLR HASH (OUTPUT) 

CTR 




ED ROUTINES: 

Everytime a record is read from tape, we sense the ED/EF indicator to see if 
this has been set. If so, we will transfer to an ED/EF routine. If we are working 
with a multi-reel file, we must ascertain which one of these control symbols has 
set the indicator. This can be accomplished by comparing the first character in 
the read m area against an ED. If it doesn-t match, we would then transfer to an 
EF routine; if it does match we must perform those steps which are' required in a 
routine that terminates a reel of a file, but not the last reel. 

The first step would be to bring in the trailer record and compare it with 
the totals that have been developed during the program. If they compare these 
total areas can be put back to zero. The tape can then be rewound and the operator 
notified. Again, it may be desirable to swap tapes. When the new tape is checked 
as to tape label, the program should transfer back to read in a record from the 
new tape. 
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ED ROUTINE - 1 



0- 




76 

77 
78 

79 
80 

81 



83 



COMPARE 
RECORD 
COUNTS 



COMPARE 
JHASH 

COUNTS 



RWD 
V TAPE/ 








TRANS NEW TAPE UNITS 


TAPE UNIT 71 


TAPE UNIT 74 


TAPE UNIT 82 


TAPE UNIT 84 


1 


MODIFY TAPE UNIT 




MODIFY MASTER 
INPUT TAPE LABEL 




<3 
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ED ROUTINE - 2 



85 



COMPARE 

TAPE 
LABELS 



86 



87 



CLR INPUT CTR AREA 



CLR INPUT HASH 
CTR AREA 
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EF ROUTINES: 

When we have determined that it is the EF symbol which has set the ED/EF in- 
dicator, we know that we have finished processing that entire' file. If this were 
a one file program, we would then be ready to do into an End of Run routine (EOR), 
which would "wrap up" the program and allow us to get off the computer. This 
EOR routine would consist of such things as: 

1) checking the last trailer records, which may contain control totals as 
well as the record count and hash count; 

2) placing an EF and the appropriate trailer record on each of the output 
tapes, and possibly an ED; 

3) rewind the tapes; 

4) performing any steps which are unique to this program, such as preparing 
and printing of a summary report, etc.; 

5) HALT, notifying the operator of EOR. 

Suppose, however, we have multiple files to be processed, as in our problem. 
Obviously, if we go to EOR upon sensing the EF of the transaction file, we may 
not have all the masters on the new master file. If we go to EOR upon sensing 
the EF of the master file, we may not have processed all of the transactions. To 
prevent this, we must make sure that an EF has been found on each of the files be- 
fore terminating the run. This can be done quite simply. 

If we sense an EF on the transaction file, we need only sense the first 
character of the master read in area to see if that also has an EF. If so, we 
can transfer to the EOR routine. If not, we will want to set up a loop that will 
bring in a master, write it out, bring in another master, write it out, etc. This 
can be done without a lot of recoding if we simply modify the program as it stands 
in memory. (Since we will no longer be using the program in memory to do the re- 
gular processing, we are not harming anything.) The modification would simply be 
to change the instruction that compares the Master and the Transaction employee 
numbers to an instruction which will force a transfer to step 31. In other words, 
we will overlay the Compare Left instruction with a Store P Register instruction 
which transfers to the I-O Sense instruction (step 31). One additional thing 
must be noted, however, and that is the possibility of already having a master in 
memory that must be written out before a new master is read in over it. This can 
be accomplished by simply transferring from the EF routine back to the "A" variable 
connector, which is, in effect, keeping track of this condition for us. 
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The same sort of procedure can be done with regard to sensing the EF of the 
master before the EF of the transaction. The difference is that now we must loop 
on reading a transaction, incorporating a new master on the new master tape, etc. 
The program modification is even simpler this time, as we have only to modify the 
"A" variable connector to transfer to step 25 and then transfer back from the 
Master EF path to step 25 in order to take card of the transaction which is already 
in memory . 

Obviously, either of these loops would be broken once the EF of the remaining 
file was sensed. 
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EF ROUTINES - 1 
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HALT ROUTINES: 

Since there is only one HALT instruction in the RCA 301 complement, an identifying 
character in the N should be used to differentiate between the EOR stop and the error 
stops. The character (zero) is to be used for the EOR HALT, while the character 1 
denoted the error HALTS. 

In addition, each error halt routine should do as much as it is possible for the 
computer to handle before stopping for operator action. The error halt routine should 
allow the operator to simply correct the situation, and then hit the start button 
in order to re-enter the program as the required location. It should be remembered 
that the least amount of human interference possible is the best. 



DOCUMENTATION OF THE PROGRAM 

Every program written must be accompanied by a written documentation which covers 
such things as : 

1) Name of Program 

2) Name of Programmer 

3) Date of final debugging 

4) Explanation of what it will do 

5) Explanation of how it will do it 

6) Detailed flow chart 

7) HSM Layout 

8) Coding 

9) Operational Procedures 

This will enable operators to use it with ease and will also allow for corrections, 
additions, or deletions, as time goes by. 



Due to space problems, we will not include the entire Documentation of the Progr 
in this chapter. The flow chart is broken into its individual parts and incorporated 
with the proper topic. The coding, HSM layout, and the Operation Procedures follow: 
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OPERATIONAL INFORMATION: 



TAPE UNITS: 



1 for first Master Tape; alternate 4 

2 for first Output; alternate 5 

3 for Transaction tape 



TAPES: 



Master Tape Label: MASPAYRL 
Transaction Tape Label: PYRLTRNS 



ADDITIONAL INPUT: 

Card in format; 
cols. 



1-6 


7-12 


13-18 


19-24 


Today ■ s 


Master -s 


Transaction- s 


New Purge 


Date 


Processing 


Processing 


Date 




Date 


Date 





PROGRAM LIMITS: 
2140-4719 

START LOCATION: 
2240 

STOP LOCATIONS: 



END OF RUN at 3930 
A REGISTER: REASON: 

1001 LOGIC ERROR, ED/EF INDICATOR SET BUT ED/EF NOT PRESENT, NOTIFY 

ENGINEER 
2 001 TAPE LABEL INCORRECT-MASTER ON TAPE 1 (INITIAL) 
2003 TAPE LABEL INCORRECT- TRANSACTION ON TAPE 3(INITIAL) 
2014 TAPE LABEL INCORRECT-MASTER ON TAPE 1 or 4 
3002 PURGE DATE GREATER THAN TODAY'S DATE- TAPE 5 (INITIAL) 
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A REGISTER: REASON: (Cont-d.) 

3025 PURGE DATE GREATER THAN TODAY' S DATE-TAPE 2 or 5 

4001 MASTER TOAILER INCORRECT AS TO COUNT AND HASH 

4002 TRANSACTION TRAILER INCORRECT AS TO COUNT 

4003 CONTROL TOTALS PROVE INCORRECT 

CORRECTION PROCEDURES: FOR ALL ERRORS CODED 2-4, NOTE CONDITION AND RESTART 
BY HITTING START BUTTON. ERROR CODED 1, MACHINE FAILURE, NOTIFY ENGINEER AND 
RESTART PROGRAM FROM BEGINNING. 
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XXIX - DATA RECORD FILE 



Although we mentioned the Data. Record File in the early chapters of this 
text we have not been utilizing it in our programs to date. This storage 
device has many important applications, however, so it is very important for 
us to be completely familiar with it. 

As was stated earlier, each single data record file, with which. we are con- 
cerned in this chapter, is a magnetic disc storage device. It can hold up to 
128 discs at one time in a basket, which simply acts as a holding device for the 
records. 



Each disc has two faces, and each face has two bands, 
arranged in parallel spiralling in toward the center: 



These bands are 




The arm has two vertical contacts, one which physically rests on the record 
in the tracking area to insure proper reading and writing, and the second which 
is actually two read-write heads, one for each band. 

When a band is requested by the program, the basket turns to the proper 
slot, the record is extracted and placed on a turntable with the proper side 
up, the arm is placed on the record so that the read-write heads are at the 
beginning of the bands, and the proper read-write head is activated. Then, 
again by program control, information can be read from the band or written to 
it. 
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So far we have discovered that there are 128 records, each with four bands 
(two per side), yielding 512 bands which are numbered from 000 to 511, Each 
band, in turn, contains 10 cells and these cells are separated by inter-cell 
gaps. Each cell has the ability to hold up to 900 characters of information, 
and the inter-cell gap is approximately the length of 100 characters. It is 
possible to address any one cell within a band, or any group of consecutive 
cells. The cells are numbered - 9. 

The following instructions are used with the Data Record File: 



BAND SELECT NORMAL: 

The instruction initiates a search of the Data Record File for the disc 
containing the desired band, puts the disc on the turntable, positions the arm, 
and activates the proper read-write head. Once initiated, the disc and the 
band will be selected independent of computer operation. 

The OP code is a D. 

N is used to indicate whether or not the proper disc face is positioned 
on the same face. If there is a 1 bit in 2^, this indicates that the proper 
disc face is present on the turntable, and the B^ character is then examined to 
discover if it is odd or even. If B3 is odd, the read-write head is activated 
for the odd numbered band. If B3 is even, the even read write head is activated. 
If there is a bit in 2 , this indicates to the Record File that the disc on 
the turntable (if there is one there) is not the one desired and it will be 
placed back into the basket before the Select begins. In addition, a or 1 in 
the 2^ bit will indicate the Data Record File to be used. 





Correct disc 


New disc 


1 


1 





2 


A 


& 



The A address is ZEROS. 

The B address contains , in B 
B is ZERO(O). 

Examples : 

D 0000 Oi+12 



1, 2 and 3 ^^-^ number of the desired band. 
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Any disc now on the turntable of the first Data Record File will be placed 
in the basket and the disc containing band 412 will be selected and placed on the 
turntable. The first read-write head will be activated and positioned at the 
beginning of the band. 

D 1 0000 0413 

The disc on the turntable is indicated to be the correct one, so the only 
operation is to activate the second (or odd) read-write head. 

In timing this operation, we must remember that the computer is completely 
free to continue operation while the select is being accomplished. The average 
select time, which means that the basket must turn 90° (the worst possible case 
is a 180° turn, as the basket can rotate in either direction and will automatically 
select the shorter path), is 3.1 seconds. If there is a disc on the turntable 
when the select is begun and if this disc must be replaced in the basket before 
the select can be started, this will take an additional 1.6 seconds. Obviously, 
if the band desired is on the opposite side of the disc on the turntable or on 
an adjacent disc the access time is reduced. It will take 3.4 seconds to select 
the disc if the band is on the opposite side and .9 seconds if the adjacent band 
is desired. It takes 1.6 seconds to select an adjacent disc. 



BLOCK READ RECORD NORMAL: 

Once the proper band has been selected, information will either be read 
from it or written to it. The BLOCK READ FROM RECORD NORMAL instruction reads 
from a selected cell of the band to a designated HSM location. From one to ten 
consecutive blocks of information may be transferred from the band to memory 
with one instruction. As was stated before, a cell can contain up to 900 characters. 
If less information is kept in the cell (for example, 750 characters) the end of 
the block of data should be marked with a control symbol called an End of Block 
(EB). 

The OP code is an F. 

The N character indicates the number of cells to be read from the band. 
This is expressed by 1-9, with equalling 10. In addition, a or 1 in the 
2^ position indicates which Data Record File. 

The A address gives the HSM location to receive the first character. 

The B address contains a number of different pieces of information: 

Bq is ZERO(O) 

B-, determines whether or not the disc is to remain on the turntable, 
if B-, is 1 the disc is returned to the cage. If it is the disc 
stays on the turntable and the arm is placed at the beginning of 
the band. 

B„ determines what is to stop the read. If B, is 1 the entire 900 
characters in the cell will be read in. If it is the read ter- 
minates when an EB is sensed or when the 900 characters have been 
read in, whichever occurs first. 
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The B address (Cont'd) 

B3 addresses the first cell to be read into memory. The cells are 
numbered sequentially from 0-9. 

Suppose the data we wanted was in cell 4, and we wanted the full 900 characters. 
After reading the cell, we will be doing some updating, and then will place the 
updated information back into the cell, so we will not want the disc returned 
to the basket. The read instruction will be: 

F 1 1500 0014 

This tells the computer to read in 1 cell starting at cei' 4 placing the 
data starting at HSM location 1500. The full 900 characters are to be read in, 
and the disc is to remain on the turntable at the end of the operation. 

STA, upon termination of the instruction, will hold the address one to the 
right of the last character read in. 

Characters are passed over and read into memory at a rate 2 500 characters 
per second. In our example, we must pass over 4 cells to reach the fifth (cell 4) 
and then read in the fifth cell. This means that just less than 5000 character 
locations must be processed, and this will take approximately 2 seconds. 



BLOCK WRITE TO RECORD NORMAL: 

This instruction writes from a designated HSM location to designated cells 
of a selected band. From one to ten blocks of information may be transferred to 
the band with one instruction. 

The OP code is H. 

N gives the number of blocks to be written and the Data Record File. The 
number of blocks can vary from one to ten, with ten being specified by O.A 1 or 
in 2 indicates the device. 

The A address gives the location of the first character to be written. 

The B address expresses the same information indicated by the B address 
of the READ. 

Bq is ZERO(O). 

B^ determines if the disc is to stay on the turntable after the op- 
eration (1, returns to basket; 0, stays and arm positioned at the 
beginning of the band). 

B^ determines the terminating conditions (1, 900 count; 0, 900 count 
or EB, whichever appears first). 



B^ addresses the first cell to receive data (0-9), 

The rate is again 2.5 KC (2500 characters per second). 
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DATA RECORD FILE TIMING 

Character transfer rate - 2.5KG 

Maximum number of characters/read-write access - 9,000 

Band Select Timing 

A. Processor time to initiate selection (in microseconds) 

21 (B-,) + 14 (Bj) + 42 = (staticizing time + establishing address 
counter), 

B. Select data record from cage - since the 128 position data re- 
cord storage wheel rotates in either direction, the maximum data 
record position from the selection point is 64. 

# of data record positions rotated Time (in seconds) * 

1 
2 
3 
4 
5 
6 
7 



1. 


,6 


1. 


.8 


2. 


.0 


2, 


.2 


2. 


,4 


2. 


.6 


2, 


,8 


3 


.0 


2 


.65 


2 


.8 


3 


.1 


3 


.4 



9 
16 
32 
64 

*Variance + 10% 

Note: The cage rotation proceeds at low speed from one to eight 
data record positions from the selection point. The cage 
rotation proceeds at fast speed from nine to sixty-four 
data record positions from the selection point. Use 
straight line interpolation for interim positions on the 
table. 

C. To select a band on the opposite side of a data record on the turn- 
table (head at ready to head at ready) =3.4 seconds. 

D. To select the adjacent band of a data record on the turntable and 
return the bead to ready =0.9 seconds. 



Read or Write Timing 

A, The data record is positioned on the turntable and the read/write 
arm is in the "ready" position. 

1. Read/write arm transferred to data record = .62 to .85 sec. 

2. Latency (to reach the first character of the first cell on 
on the data record) = .2 to .4 seconds. 
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Read or Write Timins (Cont'd) 



Inter-cell gap (fixed time between 900-character cells) 
seconds 



.04 



4. Transfer time per cell (characters and gap) = .4 seconds, 

B. To return the data record to the record storage wheel 

1. If the read/write arm is on the data record = 1.6 seconds 

2. If the read/write arm is in the "ready" position = 1.84 seconds 

There are many applications for the Data Record File, a primary one being the 
storage of all the programs of the installation and the ability to sequence these 
programs. (This will be covered in more detail in the chapter on Supplied Routines). 

Updating can be handled on the Data Record File, in a manner similar to us- 
ing magnetic tape, but it must be reman bered that the access time and the read- 
write rate are considerably slower, so that the program running time will be in- 
creased. Here it is a matter of balancing dollars and minutes in order to come 
up with the most efficient system. 

Using as an example an updating run, we can become familiar with the tech- 
nique of using the data record as well as the time considerations. 

The problem is as follows: 

There are 4500 one-hundred character records to be updated by no more than 
one transaction apiece. 4000 transactions are coming in from cards and are in 
a completely sorted order. We are to HALT if any are out of sort. If we were 
to handle this problem using magnetic tape, it would appear flow-charted as 
follows: . ' 




M < T 



UPDATE 
MASTER 
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If, however, the masters are arranged on the Data Record File so that 9 
records are maintained (in fixed field) in a cell, we must program this slightly 
differently in order to bring a new group of cells when needed, and to allow 
for the most efficient program. 

If we had a 2 0,000 character location memory, we would have enough room 
to bring in the entire band at one time. Suppose, however, we are limited to a 
lOK memory. It will be necessary to bring in only a portion of the band, process 
that, write it out and then bring in the next portion of the same band. Since 
the arm is positioned at the beginning of the band at the end of the operation 
(if we request that the disc remain on the turntable), it will mean that we 
must pass over the first portion in order to reach the second position. For 
example, if we brought in the first 5 cells (app. 2 seconds), the second 5 cells 
would take 4 seconds. To avoid this, it is obvious that if the data could be 
placed at the beginning of the band, the time could be greatly reduced. In our 
problem, let-s stipulate that the data is packed in the first 5 cells of every 
band and it will therefore take 100 bands to hold the full 4500 records. The 
bands containing this data are 100-199. We will assume that there is only one 
record control in our system. Assume an EF card at end of transactions. 
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& 




SELECT BAND 
100 

INITIALIZE INSTS: 

TALLY, SELECT 

READ TRANS 

3Z 




READ 
BAND 



M>T 



M : T 



UPDATE MASTER 



READ TRANS 




M < T 



GJ 



INCREMENT 
INSTRUCTION 

TO ADDRESS 
NEXT MASTER 



TALLY 
(44 TIMES) 



10 



X 




© 



REINITIALIZE INST- 
RUCTIONS TO ADDRES; 
FIRST MASTER 



RESET TALLY CTR 



T 



11 



12 



WRITE 



SELECT 



Dl 0000 0101 



13 



EO TO MODIFY SELECT 
N 
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When the first select instruction is done, it will take. (average) 3.1 
seconds. The Read (F 5 5000 0010) will bring in 45 masters. The comparison 
begins with the first master, the criterion of which is located starting at 
5000. If the master and transaction match, the master is updated and a new 
transaction is read in. Since we now have finished with the old master, we can 
increment the compare (and all the other instructions which refer to the master) 
by 100 locations, so that the second master is addressed (the criterion will be 
at 5100, etc) When we have processed all 45 masters in a similar fashion, 
the tally will be exhausted and we will reset all the instructions to again 
address the first master in the read in area. We will also place 44 back into 
the Tally Counter. Writing the 5 cells back out, we can select the next band. ^ 
Since every other band will be on the disc face, we can arrange to have an N 
of 1 in the Select instruction the first time, allowing us to address band 101, 
and .alternate 0, 1,0, 1 each time from there on in. 

The last Tally (step 15) or sensing the EF card will allow us to terminate 
the program. Ignoring the computation, which will be increased due to the in- 
crementing and the tally, we can see that the input-output time for the master 
is increased. 



lOKC Mag. Tape 



READ 1 min. 
WRITE 4 min. 



5 min. 



32 sec. 
21 sec . 
53 sec* 



*NOT BATCHED 



Record File 

First select - 3.1 sec. 

Select Adjacent band - .9 sec x 100 90 sec. 

Select band on opposite-3.4 sec x 50 170 sec. 

side. 

Select new RCD - 1.6 sec (replace used RCD) 

1.6 sec (select next position) 

1.0 sec (ARM movement) 



All reads - 2 sec. x 
All writes- 2 sec. x 

or 11 min. 38 sec. 



4.2 sec X 49 


- 20 




sec. 


100 


200 




sec . 


100 


200 




sec . 




683. 


1 


sec. 



In addition to sequential updating on the Data Record File, there are many 
schemes for "random access"; that is, locating just the information that is needed 
at this particular time. These techniques will be discussed in more detail in 
the chapter on Randomizing, but right now we will take up the simplest of these 
methods, called "direct addressing". 

Suppose we had the ability to place information on discs in the data re- 
cord file, and then compose an identifying code that i-jas not only the unique code 
for that particular information, but also was the address of its storage cell. 
Obviously, we could then simply use this code to pick up the proper disc, acti- 
vate the proper band's read-write head, and read in the appropriate cell. 

For example, we are working for an installation that is perfectly willing 
to set up a new series of stock numbers. Each master record contains 150- 
characters and since there are 12000 of these masters, it will require 200 bands 
(50 discs) to accomodate them. When these records were written to the data re- 
cord file, they were placed on bands 100-299. In addition, as they were assigned, 
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the band number, cell number, and a positional number (to indicate the position 
within the cell) were made into an identifying data stock number: 

Examples: 15964 is the stock number of the master located on band 159, 

in cell 6, and it is the 5th master in from the beginning of the 
cell (to be consistant with the numbering of the bands and the 
cells, the masters are numbered 0-5). 

Suppose that any one day we might have 1000 issues coming in in random 
order, containing a 5 digit stock number and a 3-10 digit issue amount proceeded 
by an ISS. In addition, we will assume that the first five digits of each master 
is the stock number, and that the balance is the last 10 digits. Our program 
must subtract the issue amount from the proper balance. 
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3 

S 
6 
7 



TRANS ISS AMT ->WA 



SUB STA-1 



STR B — > 7 (B) 



ADD 7 (B) + 1 



FILL WA WITH ZEROS 



10 



iSNEW BAND# 
THE SAME AS 
OLDBAND#J?, 

— I YeT 



NO 



23 



PLACE CELL NUMBER 
IN READ 



PLACE CELL NUMBER 
IN WRITE 



11 



READ 
CELL 



12 
13 

14 
15 

16 
17 



T 



25 



INITIALIZE COMPARE 
(18) 



INITIALIZE SUBTRACT 
(21) 



PLACE MASTERS IN 
REPEAT (16) 



PLACE MASTERS IN 
REPEAT (19) 



I 



REPEAT (16) X TIMES 



ADD 

COMP ARE + ISO 

\ 



STK#'S=? 




EO OLD BAND NUMBER 
TO CHANGE 20 bit OF LSD 




IS MODIFIED 
OLD BAND # = 
TO NEW BAND 



NO, 



YES 



PLACE 1 BIT IN N OF 
SELECT 



27 

28 



26 



SELECT 
BAND 



^ 



PLACE BIT IN N OF 
SELECT 



PLACE NEW BANDS IN 
SELECT 



NO 



Q 

Pg 2 
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19 



REPEAT (19) X TIMES 



2C ADD 



SUBTRACT + 150 



21 



SUBTRACT 
(BALANCE) QlSSUE 



22 




By examining the program, we can see that an effort is being made to cut 
down on unnecessary Select time. If the new band number and the old band number 
do not agree (if they did, no Select would be necessary), one further test is 
made, and that is to see if the new band is on the same disc face as the old 
band. This is done by changing the 2'^ bit of the least significant digit of the 
old band number and then comparing this modified band number to the new band 
number. If they are equal, the Select need only activate the alternate read- 
write head. If they are still unequal, it will be necessary to replace the 
current disc and Select an entirely new disc, in order to obtain the proper band. 
For example: 



1) 



3) 



old band number 135 

least significant digit (in binary) 
modify 2 using EO 

modified digit 



new band number 134 

000101 
000001 
000100 



modified band number, 134, which equals new band number, proving that 
both bands are on the same disc face. 



2) old band number 266 

least significant digit 

modifying character 
modified digit 



new band number 267 

000110 
000001 
000111 



modified band number, 267, which equals the new band number, 
old band number 197 new band number 198 



least significant digit 
modifying character 
modified digit 



000111 
000001 
000110 



modified band number 196; new band number 198; therefore, a new band 
on a different disc face is needed. 
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It is also possible to perform the Block Read from Record and the Block Write 
to Record in the Simultaneous Mode (remember that the Select is free of computer 
control). When using the Simultaneous Mode, Memory must be accessed 7 us. out 
of every 400 us. This forms an available time percentage of 98.257d, which must 
be considered if computation is going on in the Normal Mode while characters are 
actually being read and transferred by the Simultaneous Mode. 
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BLOCK READ FROM RECORD SIMULTANEOUS: 

This instruction is similar in all respects to the Block Read from Record 
Normal except that is is accomplished in the simultaneous mode. 

The OP is G. 

N indicates the number of blocks to be read (1-9, 0=10), and the Data Record 
File Control. 

The A address gives the HSM location to receive the first character. 

B indicates: 

B Zero(O). 

B, 1 : disc returned to cage 

0: disc remains on turntable and arm positioned at beginning of band 

By 1: 900 count terminates instruction 

0: EB or 900 count terminates instruction 

B3 addresses first cell to be read (0-9) 

If the address one to the right of the last character read in is needed, the 
S register must be stored. 



BLOCK WRITE TO RECORD SIMULTANEOUS: 

The OP is I, 

N indicates the number of blocks to be written (1-9, 0=10), and the Data 
Record File Control. 

The A address gives the HSM location of the first character to be written 

The B address indicates: 

Bq Zero(O). 

B-y 1: disc returned to cage 

0: disc remains on turntable and arm is placed at the beginning of the band 

Br, 1 : 900 count terminates instruction 

0: 900 count or EB terminates instruction 

B3 address first cell to receive data (0-9) 

Example Problem: 

Suppose a utility company has 8000 accounts maintained on a data record file 
in sequential order. Each master contains 450 characters, which means that two masters 
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can be stored in each cell (20 per band, 100 discs for the entire file). In 
addition, let's assume that this installation has 20,000 character locations of 
memory. 

The problem is to issue statements for each master. These statements are 
to be produced on the on-line printer so that two customers* bills are produced 
side by side (each statement takes up 60 print positions). Each set of state- 
ments has 5 lines of printing and a 3 line skip before the next set: 



Date 






Date 




Name 






Name 




Address 


Line 1 




Address 


Line 1 


Address 


Line 2 




Address 


Line 2 


Balance 


Due 




Balance 


Due 






~ " "1 






Date 






Date 




Name 






Name 




etc. 






etc. 





If this problem were to be programmed without simultaneity, we would 
have the following time breakdown (assume that set up can be handled during 
paper advance ) : 



READ - 400 Bands 

Select New Disc (100 times) 

Return Record to Cage (100 times) 

Select band on opposite side of record (100 times) 

Select adjacent bands (200 times) 

Latency (400 times) 

ReadAfrite Arm transferred to record (400 times) 

Print 5 lines & Pa 2 lines (4000 times) 



Time in seconds 
1600.0 

160.0 

160.0 

340,0 

180.0 
80.0 

248.0 
1573.6 
4341,6 



or 1 hour 12 minutes 4 seconds 

However, if simultaneity were available, we could program the reads in the 
Simultaneous Mode and do the printing and set up in the Normal, In addition, we 
oould start the computation and printing immediately upon receipt of the information 
and could start the read of the second band into the same area, thus saving memory. 
The bar graph would appear as follows: 



Print Band 
^V^ 



Band 1 




Read Band 



Adjacent Band Opposite Side 
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TimewLse, we need only include the Read and Select time which totals 4-5 min- 
utes, 1 second. This is nearly half the processing time required without simultaneity. 

The flow charted program appears as follows: 
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o 



SELECT 
BAND 



READ 
BAND 



'is first CELL\ 

IN? 



YES 

4 /P&fepAfefi AND 
PRINT 0-5 
AND PART OF 
_S 



SELECT 
BAND 1 



READ 
BAND 1 



PREPARE AND T 

PRINT 6-9, '^ 

1-3, PART OF I 



SELECT 
NEXT 
BAND 



PRINT 4-8 7 
AND PART OF 



10 



READ 
BAND 



■^■^ /FINISH 



\ PRINTING 9 



NO 



o 
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Data Record File Exercise I: 

Flow chart and code the following program: 

A utility company maintains its customer billing masters on a Record File. 
Each master contains 450 characters, so that two may be stored on a cell. There 
are 8000 customer masters in the entire file, filling bands 100-499. The first 
eight (8) digits of each master is the account number. Each account number is 
actually a direct address; 



xxxx 


XXX 


X 


Customer 


Band 


Cell 


Number 


# 


# 



The last 7 digits in the field is the amount due the utility company. Each 
day, approximately 400 payment transactions are posted to the masters. The payment 
information is coming in from punched cards: the account number (8 digits) is lo- 
cated in columns 1-8, and the payment amount (loaded with insignficant zeros) is 
located in columns 74-80. 

You are to assume that the transactions are coming in in completely random 
order. An EF card terminates the file. Program to eliminate unnecessary select 
time and unnecessary read and write time (if the proper cell is in memory, there 
is no need to change information). Halt if the account number is not found in 
the proper cell. 

Data Recrod File Exercise II: 

A company keeps its payroll master file on a record file. There are 3000 
employees, and each employee has a 300 character record, so that data concerning 
3 employees may be maintained on one cell (30 per band). 

Against these masters there will transactions in a ratio of 1 card for every 
master. 

Each master will require about 30 ms. of computation (does not include set up 
of print lines which can be buried in the paper advance time). In addition to 
T«7riting out the updated information to the record file, there will be two print 
outputs (one to each of two printers). The first will be a one line per employee 
payroll register (single spaced), and the second will be a check containing 3 
lines of print. You are to double space between the first and second lines and 
between the second and third lines, but leave 3 spaces between the last line and 
the beginning of the next form. The forms are set up so that you are printing 
checks for 3 employees at a time; 



Employee 1 


1 
1 


Employee 2 


1 


Employee 3 


XXXXXXXXXX 


1 


XXXXXXXXX 


' 


XXXXXXXXXX 


XXXXXXXXXXX 


1 
1 


XXXXXXXXXX 


i 


XXXXXXXXX 












Employee 4 


1 


Employee 5 


1 
1 


Employee 6 
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Show the total amount of time it would take to process this program without 
simultaneity, and then bar graph (with times) the problem using simultaneity and 
calculate a total time for comparison purposes. 

Assume a 2 OK memory. 
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XXX - DATA RECORD FILE MODE 



In addition to the initial record files, it is possible to obtain up to 4 
more data record files under the control of the Data Record File Mode, This 
data record file mode has its own set of registers, called the FOR, L, U and V 
registers, which directly correspond to the Normal Registers. As in the case 
of simultaneity, if a Data Record File Mode instruction is staticized in the 
Normal Registers, and if the Data Record File Mode is free, the instruction will 
drop into the Data Record File Mode and be executed there, leaving the Normal 
Mode free for additional operation. 

It is feasible, therefore, that if an installation had both the Simultaneous 
Mode and the Data Record File Mode, up to three operations could be performed on 
a time-sharing basis. For example, a program could be reading in the Data Re- 
cord File Mode while printing in the Simultaneous Mode and computing in the Normal 
Mode. 



INSTRUCTIONS : 



BAND SELECT RECORD FILE MODE: 

This instruction selects a band from one of the four Data Record File units 
controlled by the Data Record File Mode Control Unit. Once initiated, the band 
will be selected independent of computer operation. 

The OP code is E. 

N indicates two things : 



UNIT 


EFFECT 


1 


2 


3 


4 





& 


" 


It 


Return record to cage, if any. 

Place new ROD. on turntable and select proper band 


1 


A 


J 


/ 


Record on turntable is the correct one 



The A address is zeros (0000). 

The B address gives in B , . the number of the band desired (000-511) 

1 , 2 , and 3 
Timing is the same as in the Band Select Normal. 



RECORD FILE MODE READ: 



This instruction reads from selected cells located on the selected band, 
instruction is executed only in the Data Record File Mode. 



The 
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The OP code is *. 

N gives the number of blocks to be read in the numeric portion, and the 
specific data record file in the zone bits (00, 01, 10, 11). 

The A address gives the location to receive the first character. 

The B address is broken into parts : 

B is zero 

B- indicates the position of the disc at the end of the operation (1, 
returned to cage; 0, still on turntable with arm at beginning of 
Band ) . 

69 indicates the terminating condition (1, 900 count; 0, 900 count or EB). 

Bo gives the address of the first cell to be read (0-9). 



RECORD FILE MODE WRITE: 

This instruction is executed in the Data Record File Mode and writes data 
from memory to selected cells. 

The OP code is %, 

N gives both the number of blocks (in the numeric portion) and the Data Record 
File addressed (in -the zone portion). 

The A address gives the HSM location of the first character to be written. 

The B address indicates in: 

B^ zero 

B, the location of the disc at the end of the operation 

B2 the terminal condition 

Bo the address of the first cell to receive data. 

If instructions are going to be executed in the Data Record File Mode, we 
may desire to obtain the final contents of the U register. To do this, we can 
store the U register by placing an & in the N character of the Store Register 
Instruction, 

We also have the ability to sense the Data Record Files. This is done by the 
Input-Output Sense instruction: 

The OP is S. 

N indicates the device: 
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R is the first Data Record File, Z is the second. 

# @ El , indicate the additional four record files under control of the 
Data Record File Mode. 

The tests that can be made are designated in A : 

1 bit in the 2 Is the selected Data Record-File inoperable? 

1 bit in the 2 Is the selected Data Record File operating? 

2 
1 bit in the 2 Is a disc on the turntable of the selected Data Record File? 

The B address gives the transfer location if a yes answer is obtained. 

To illustrate these instructions and the programming applications, let's ex- 
amine an inquiry routine. 

We have stored on the additional four data record files 20, 240 records, each 
640 characters in length. Each record occupies 1 cell, and is terminated by an 
EB symbol. The identifying number of each record contains the following: 

1 character 3 character 1 character 

Record File band identification cell 

identification identification 

1 000-511 0-9 

2 

3 

4 

In our main updating program, we have included a CTC to sense the Interrupt 
Indicator on the console. This is done by placing an & in N, the address of the 
interrupt routine in A, and the address of the next instruction to be executed 
if the indicator is not set in B. The interrupt button must be manually set and 
reset: 

Our problem is to write the interrupt routine, which is to read a card con- 
taining the identifying number of the record desired, select and read it, and 
punch out a card with some pertinent information regarding balance. 
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TRANS STP — > EXIT 



TRANS R.F. CODE — >4 



READ 
INQUIRY 
I — 



TRANS DATA BY 
SYMRnT.^ TN VlAr.-p. 



TRANS R.F. SYMBOL—; IND 



7 (N) 

TJMJSiy BAWU # 'It) 

7 (b;) 



ADD 



SELECT 
BAND 



TRANS "1" TO N 
OF 13 



10 



12 



LO R.F. SYMBOL OVER 
N OF READ 



ADD STA + 1 



11 TRANS R.F. SYMBOL- 



14(N) 



IND 
ADD 



TRANS CELL TO 
(13) 



13 



READ 
CELL 



14 



X 



IS READ 
FINISHED 



NO 



€) 



YES 



15 



16 



PREPARE 
CARD FOR 
PUNCHING 



PUNCH DATA 




HALTV ™ RESET INTERRUPT BUTTON 



EXIT TO PROGRAM 



XXX -4 



TITLE 

CODER 

REMARKS 
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B 


REFERRED 
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13 






3 








•? 


:o) 


2 











9 


1 


3 





11 


I-O SENSE IS READ FINISHED? 


14 




1, 
































15 




5 




































6 






























EREPARE CARD 






7 


































F 


918 



































9 








2 





9 


9 








9 


9 


7 







PUNCH CARD 


16 




920 








P\ 































HALT TO RESET INTERRUPT BUTTON 


17 




1 








V 


1 





2 


1 


9 


(0 








0) 


1 


TRANS FROG 






? 










1 











1 








1, 







1 .. , CONSTANTS AND TABIE 






3 








1. 


^ 


i^ 


i. 




a 


^ 


iu 


ft 










IE 1224 REV 


. 8-e( 


) 






























PAGE 1 OF 1 



The first step sets up a re-entry into the main program by modifying the 
terminating program transfer instruction. Once the inquiry card containing the 
identifying number is in memory, it is a simple matter to set up the Select and 
Read instructions. The first thing that must be determined is the Data Record 
File being addressed. In the identification, the files are designated by 1, 2, 
3, or 4, The Select and Read instructions, however, need a particular bit con- 
figuration in the N character (2^ and 2^ must be 00, 01, 10, or 11), then the 
Input-Output Sense instruction recognizes the different data record files by #, 
$, ., or ,. For this reason, we must program to obtain the desired symbols for 
that particular record file. If we have in memory the following character con- 
figuration: 

10ff28i$3(^Q k", 

and then we transfer the record file code from the card area to the N character 
of a Transfer Data by Symbol instruction, which has as A and B addresses the left- 
hand limit of the above data, when we executed the instruction we would have in 
STA the address one to the right of the symbol (1, 2, 3, or 4). By using this 
as an indirect address, we could transfer the 0, &, (S> , or " to the N character 
of the select instruction and also use the character as a Logical Or modifier of 
a 1 in the N character of the Read. STA could then be increased by 1 and the 
transfer of the #, $, , or , to the N character of the Input-Output Sense in- 
struction can be accomplished. This input check will make sure that the Read 
from the Record File has been finished before it will allow the computation of 
the data to begin. 

Suppose a company had a Data Record File Control Unit with all four of the 
addition Record Files attached. On these record files there are 20, 480 master 
records, each one of which is 800 characters in length, and takes up 1 cell. 

The problem is to print out a three line summary (double space between the 
1st and the 2nd lines, and between the 2nd and 3rd lines, and leave 4 spaces 
between master prints) for every master. The order of the print is not im- 
portant. 

If the Data Record File Mode were not available, the time for this program 
would be as follows: 

Time in seconds 

READ 2048 BANDS 8,192.0 

SELECT 512 DISCS '819!2 

RETURN 512 DISCS 819.2 

BAND ON OPPOSITE SIDE OF DISC 512 TIMES l,74o!8 

BAND ON ADJACENT SIDE OF DISC 1024 TIMES '92l!6 

LATENCY 2048 TIMES 409 .'e 

RA! ARM TRANSFERRED TO RECORD 2048 TIMES 1,269.'76 

PRINT 20,480 MASTERS 5 355.52 



19,527.68 



OR 5 HRS 2 5 MIN 46 SECONDS 
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With the availability of the Data Record File Mode Control, however, we can 
cut our time substantially. The first step would be to make' the initial select 
on each record file. Once the read from the first band of the first record file 
has been accomplished, computation and printing can be done on that data while 
the next cell is being brought into memory. In this way, there can be a continual 
read going on in the RFM. As soon as the 10 cells of the first band are in, the 
read of the second band can begin. When that is finished, the read of the first 
band on the second record file can begin, etc. In the meantime, a Select can 
be done to obtain the next band on the first record file. Bar graphed, the program 
would appear as follows: 



REM 



SELECT 



HSKPG 



S:^ PREPARE AND PRINT INFO 
O FROM BAND 0,1 RF 1 



N 



i 



PREPARE AND PRINT INFO 
FROM RAND 0, 1 RF 2 




PREPARE AND PRINT 
FROM BAND 0, 1 RF 



This means that we can completely bury the preparation of the print lines, 
the printing and the select time in the Read time, so that the only thing that 
need be included is the 8192 seconds, or 2 hours, 16 minutes, and 32 seconds, an 
improvement of nearly 50% over the other time mentioned. 

Record File Mode Exercise: 

Flow chart the program just discussed, showing the preparation of the print 
line as only one block labeled "preparation". Ignore terminal condition charting 
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XXXI - DATA DISC FILE 



One module of the Data Disc File has 6 data discs. 

Each disc surface has 9 zones. 

Each zone has 128 tracks . 

Each track has 10 sectors. 

Each sector has the ability to hold 160 characters. 

The total capacity of one module is 22,118,400 alphanumeric characters. 



128 INTERLACED DATA 
TRACKS IN EACH 



READ-WRITE 
HEADS 




128 SIN6LE DATA 
TRACKS IN EACH 



Since there is more disc surface available for data nearer the rim of the disc, 
the tracks of the three outer zones are interlaced - zone 4 with zone 7, 5 with 8, 
and 6 with 9. This means there are 6 read-write heads required on one disc surface • 
the outer 3 reading and writing 2 zones each. Therefore, one Data Disc File Module 
requires 72 read-write heads . 



Discs < 




Read-Write 
Heads 



Access Arm 
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Since in one movement all the access arms of a file are positioned so that all 
the read-write heads are over the same track in each zone, 108 related tracks are 
available with no extra movement (in one module). These available tracks are called 
"Strata". 

A Track Select instruction positions the read-write heads in the file selected 
to the proper track, which are numbered 000-127. 

A Sector Read or Write instruction is used to read or write from one to ten 
sectors of any one of the tracks of the strata for which the read-write heads are 
positioned. Any number of these instructions may be given after a Track Select in- 
struction. There are no gaps between sectors. 

Track Select Timing: 

Staticizing ^2 us 

Average time to 

reach proper track 75 ms 

Sector Read-Write Timing: 

Average time to 

reach proper sector 25 ms 
Read one sector 5 ms 

Transfer Rate 32,000 char/sec. 

Time to switch from 

read or write to 

same track 35 us + time to locate sector 

Interrupt 7 us out of 31.25 us 

Up to 2 Data Disc Files can be attached to the RCA 301 system. Each file may 
be 1 to 4 modules in size. 



TRACK SELECT: 

The OP code is D. 

N - R (First Data Disc File) 
- Z (Second Data Disc File) 

A address - (0000) zeros. 

B address - Bg = (zero), will not override a DDF Simultaneous Instruction. 
= &, will override any DDF Sim. Instr. 

Bj , B2 , B3 = Designate track address. 

SECTOR READ DISC NORMAL: 
The OP code is F. 
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N - Specifies additional number of sectors to be read as follows: 



Additional Sectors 



First File 



Second File 



A address - Address of HSM location to receive the first character read from 
the Data Disc File. This address must be an even number (left- 
hand end of a diad) . 

B address - Bq - designates first sector to be read: 



First Sector to be read 





1 


2 


3 


4 


5 


6 


7 


8 


9 


Will Not Override Any 
DDF Simultaneous 
Instruction 





1 


2 


3 


^■ 


5 


6 


7 


8 


9 


Will Override Any DDF 
Simultaneous Instruction 


& 


A 


B 


C 


D 


E 


F 


G 


H 


I 



Bi, B2, B3 - specify the zone from which data is to be read: 

MODULE ZONE 



1 
2 
3 
4 



000 to 107 
108 to 215 
216 to 323 
324 to 431 



SECTOR READ DISC SIMULTANEOUS: 
The OP code is G. 

The N, A address, and B address are programmed the same as the Sector Read 
Disc Normal Instruction. 

SECTOR WRITE DISC NORMAL: 
The OP code is H. 

The N, A address, and B address are programmed the same as in the Sector Read 
Disc Normal Instruction. 

SECTOR WRITE DISC SIMULTANEOUS: 
The OP code is I . 

The N, A address, and B address are programmed the same as in the Sector Read 
Disc Normal Instruction. 
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The Input-Output Sense Instruction can be used with the Data Disc File. 

The OP code is S. 

N = R - First Data Disc File. 
Z - Second Data Disc File, 

Ag = 1 - is the device inoperable 
2 - is the device operating 
4 - is the track select complete 
8 - has incorrect parity been read 

A-^, A2, A3 = zeros (000). 

B address - HSM location of the next instruction to be executed if the condition 
or conditions being tested are present. 

Any instruction containing a bit in the Bq 2^ position will terminate any DDF 
instruction being executed in the Simultaneous Mode. The instruction with the Bn 
2^ bit will then be executed in the normal manner. 

Example: 

Suppose we had a master file on Data Discs that we wish to duplicate onto tape 
(33kc) for backup purposes. We wish to do this the fastest way possible (simultaneity) 
and yet supply enough information so that editing this tape will not be too difficult. 

Let us assume 160,000 records of 80 characters per record distributed on a one- 
module Data Disc File as follows: 



Records 1 — »20 


Track 


001 


Zone 


001 


21— »40 




001 




002 


41— >60 




001 




003 


etc. 










Records 2141—^2160 


Track 


002 


Zone 


001 


4281—^4300 




003 




001 


etc. 











We can read a track in the Simultaneous Mode while writing and editing in the 

Normal Mode. By placing the track number, zone number, and the sector number from 

which we started reading in front of the read-in area, we can write the read-in area 

plus this identification in one write instruction. 

Assuming an EF at the beginning of a track to signify the end of the file, the pro- 
gram could be flowcharted and coded as follows: 



WRITE 



READ TRACK 



WRITE 



READ 



ETC 
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XXXII - TABLE LOOK-UP TECHNIQUES 



The term "table look-up" simply refers to a programming technique used to locate 
one particular thing in a table of like values. For example, we can see where this 
would come in very handy when dealing with the data record file since it is not common 
to have a direct addressing scheme similar to the ones which we have been using. We 
could get around the problem of knowing that exact address for each master by setting 
up a table which contains both the different stock numbers (for example) and the 
corresponding addresses. Normally this table would be laid out in one of two formats, 
either in order by stock number or in order by frequency of use. In either case we 
would have the following: 



SSSSSAAAAASSSSSAAAAASSSSSAAAAASSSSSAAAAA etc. 
STK # ADDRESS 

Suppose we are handling a program similar to the interrupt program we discussed 
previously. The only difference is that now we will bring in a card with 
an account number on it and from that must locate the information. We can assume that 
we have a table set up in memory in ascending- order by account number: 

Account tt Band and Cell Account # Band and Cell etc. 
6 4 6 4 

The last account nimiber is a dunrny with the highest binary code possible. We 
will assume that we have a 20K memory and that the last lOK is used as table storage. 
We have 1000 records stored in 1000 cells on the record file. Assume that all requests 
have masters. The program would look as follows: 
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TRANS STP -> EXIT 



READ 
CARD 



0- 



INITIATE 

COMPARE 



COMPARE 

TABLE : 
ACCT » 



FORCE STA 



PRP 



r 




SENSE 
PRI'S 



10 



12 



13 



PUNCH 
CARD 



PRN 







TRANS BAND-> 
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SEL 
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ECT 
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1 
ADD 




STA +3 




TRANS CELL -> 

1 


11 


11 


RE 
C/ 
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AD 
kRD 




PREPARE 




CARD 









14 



INCREMENT 4(A) + 10 



IND 

ADD 
(STA) 



IND 

ADD 

(STA) 
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EXIT 



As we can see, we form a loop until we find the account number in the table. At 
that point, STA will contain the address of the MSD of the band. By forcing STA and 
using indirect addressing, we can transfer both the band and later, by modifying STA, 
the cell location. 

Another example of table look-up might run as follows: 

We have a table that contains 26 different letter codes (A-Z) each followed by 
a specific digit hourly rate.. When doing a payroll problem we find one of these 26 
codes in each master and we must then transfer the appropriate rate to a work area. 
A portion of the table appears as follows: 

A150B155C160D165E170 etc. 

We could program another compare loop again, but an even simpler and faster way 
to do it would be as follows: 



TRANS CODE 
FROM MAST->2(N) 



TRANS DATA 
BY (SYMBOL) 
LEFT IN PLACE 



TRANS RATE 
TO W,A. 



ind. add. 



Table 2000-2103 



Master 






Read 






In 


EMP # 


RATE CODE 


Area 


XXX 


X 



10 



00 01 02 03 
X X X X 



2010 N 1 1003 2021 DR THE SYMBOL 

2020 # () 2000 2000 TSL TO FIND CODE 

2030 M 3 !?21E 1200 DL TO MOVE RATE TO WORK AREA 

Another type of table look-up could be called "direct addressing". This is the 
same type of thing that is done when executing an ADD or SUBTRACT instruction. 
There is an instruction in the RCA 301 complement that is called Translate by Table. 
This actually is a table look-up instruction which allows a translation from any 7 
bit binary code to any other 7 bit binary code. Its primary use is for compatability 
between RCA systems, but many other applications can be developed for it. 

TRANSLATE BY TABLE: 

This instruction translates a specified niamber of characters in one area from 
one code to another, by the use of a specified table. 
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The OP code is A. 

The N character is the number of characters to be translated. This is limited 
to 0-44, but since this instruction is repeatable , the actual limit is 660 (44 x 15), 
without a second Translate. 

The A address gives the HSM location of the leftmost character to be translated. 
This will also be the leftmost location of the translated data, since the result re- 
places the original information. 

The B address gives the HSM location of the first character in the table to be 
used for translation. This table must be stored beginning at a hundreds location; 
i.e., the last two characters in the address must be 00. 

The direction of this operation is left to right, and (A)^ will hold the address 
of the location one to the right of the last character translated in the original area. 
(B)f is identical to (B)^. 

In order to operate, it is necessary to break each character to be translated 
into two parts, which then becomes the address of the location in the table that holds 
the translated equivalent. Suppose, for example, that we were translating RCA 301 
code to RCA 501 code. An "A" in 301 is represented by (010001)2, in 501 by (100000),. 
The 301 "A" would be pulled from memory and the 2^ , 2l, and 2^ bits transferred to the 
corresponding location of D3 (D register). The 2^, 2^, and 2^ bits would be trans- 
ferred to the 22, 2I, and 2° positions of D2 . The other bits of the D register would 
be zero, so that the figures constructed would be a 2 and a 1: 



RCA 301 code for an "A" 



010001 



5 


4 


3 


2 


1 





2 


2 


2 


2 


2 


2 














1 






5 


4 


3 


2 


1 





2 


2 


2 


2 


2 


2 

















1 



which is the RCA 
301 code for a 2. 



which is the RCA 
301 code for a 1. 



These characters, in combination with the contents of the B register, are used 

to address the particular table being used for translation. For example, if our table 

started at 7500, at location 7521 there should be the binary character 100000, which 

is the RCA 501 code for an "A" . 

Obviously, these tables can be made up for any purpose. Suppose, for another 
example, that our program we were to ascertain that a particular field, coming in on 
the transactions, was numeric. One way to do this would be to compare each location 
in the field to a 9 , and if equal to or less than a 9, continue on and sense the next 
character in the field, but if greater than a 9, register an error. For a field of 
10 digits, this would require 10 compares and 10 senses of the PRI ' s , or timewise, 
10(56 + 49) = 1050 us. Suppose, however, that we set up a table in memory that 
would translate all numerics to O's and all other characters to I's. We would have 
to transfer our 10 digit field to a work area, since it would be destroyed during 
translation, translate it, search through the result area for the lack of a zero, 
and then test the PRI ' s for a PRZ setting (a character other than in the field 
will set a PRP or a PRN in a Locate Symbol Left or Right instruction). This would 
require 175 us. for transferring the data, 245 us. for translation, 210 us. for 
searching for a non-zero, and 35 for sensing the PRI ' s , or a total of 665 us., a 
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considerable savings over the other approach. The table would also be very easy to 
construct, since the decimal digits would be the only characters that would develop 
into 00, 01, 02, 03, 04, 05, 06, 07, 10, or 11 addresses. By placing O's in these 
locations and I's in all the other positions (12-77), the table would be accurate. 

Table Look-Up Exercise I : 

A shipping company pays its employees by cash whenever a ship lands. It is the 
accounting departments responsibility to make up a list of the number of hundred 
dollar bills, fifties, twenties, tens, fives and ones, and the number of fifty cent 
pieces, quarters, dimes, nickels and pennies needed to meet any particular payroll. 
Having converted to EDP, it is your job to write a program which will develop these 
totals, and bring the final results out on the on-line printer. You may assume no 
more than 5 digit amounts of any one denomination (99999 one dollar bills, for ex- 
ample; that no persons make over $99999.99; that data is fixed; and that there is 
only one reel of information. Flow chart this program only. 

Since you will need tables to solve this program, you should indicate the con- 
struction of the table. You need not show the entire set of tables. 
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XXXIII - RANDOMIZING 



With regard to the Data Record Files, we have discussed two methods of locating 
information. One was the direct addressing scheme and the other was the table look- 
up method. There is also a third method called "randomizing". This is simply util- 
izing the criterion to form the address. For example, one method is to take the 
criterion and add parts of it together. The break up of the criterion is decided 
upon statistically, in order to come up with the fewest possible duplications of 
addresses. 

Stock # 34562436 



Obviously the next step would be to break this down into two parts, band and 
cell. This could be done by subtracting the highest possible address from the band 
portion if it is 512 or over. 

589 
511 
078 

We now have an address for the information connected with stock #34562436 and 
that is band 078, cell 2. 

By working out an address for each of the stock records, we could then assign 
them to that particular location. The one problem is, of course, duplication of 
address. If we had 140 character records, we could get 6 records in the same cell, 
but if more than 6 records have the same address , we must come up with a technique 
to take eare of the overflow. 

One method is "chaining". By this method, when we have placed our six records, 
and we find more with the same address, we could place the address of another cell 
at the end of this cell, so that if the desired record is not in this cell, the pro- 
gram has only to pick up this new address and select, read, and search the alternate 
cell. This technique would be efficient only if the high-hit records were placed in 
the first cell; i.e., the idea is to arrange the data records by use rather than by 
sequence of criteria. 

Our example assumed that we were using only the single data record file, other 
similar steps could be developed to allow use of all the data record files. 

There are hundreds of randomizing techniques . The choice of the correct one 
or possibly the development of a new one is based on a statistical study of the data 
to be used. 
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XXXIV - ARITHMETIC OPERATIONS 



Although we have discussed Adding and Subtracting throughout the text, we have 
not mentioned certain qualifying conditions. 

For example, we have assumed that all of our problems have allowed for maximum 
fields, but what would happen if we had an instruction to add two 3 digit fields 
together and the result was 1197? The field would not be expanded to a 4 digit field, 
but rather a zone bit called an "overflow" bit would be placed in the 2^ position of 
the MSD of the sum. In our example, the answer would then be A97 (the binary code 
for an A is 010001), 

This condition can be tested for by the Conditional Transfer of Control Instruc- 
tion with a 2 in the N character. If the overflow indicator has been set, a transfer 
will occur to the address given in the A address, if the indicator has not been set, 
the program will transfer to the address given in the B address. 

A second situation should then occur to us. What would happen if we had an 
illegitimate bit, such as a 1 bit in 2^ of anything except the LSD (in which case 
it indicates a negative number) or a 1 bit in 2^ of anything except the MSD? A 1 
bit in the 2^ position of anything except the LSD will cause a parity alarm. A 1 
bit in the 2 position of anything except the MSD will cause the computer to hang 
on an ARIE (Arithmetic Error) alarm. In addition, if we try to add two operands 
which both have overflow bits, or if we try to add two operands where one had an 
overflow bit and where a carry^ is generated by the addition, we will also obtain an 
ARIE alarm. Subtracting two fields which both have overflow bits will not cause an 
alarm, so long as each operand is at least 2 characters in length. 

For example: 

C3216 plus D4831 will hang the computer on an ARIE since there are two over- 
flow bits; 

C43 plus 942 will hang the computer, since there is already one overflow bit 
and a carry will be generated; 

C342 plus 0238 will not hang the computer 

D2184 minus A3216 will not hang the computer 

D minus A will hang the computer since there are not 2 digits in each operand 

321E54 minus 213583 will hang the computer due to the bit in the 2^ position 
which is not the MSD of the operand 

21N4982 plus 2938475 will hang the computer 

A21 minus E78 will not h_ang the computer even though the subtrahend is greater 
than the minuend since the answer will only be negative. 

E212 minus A43L will hang the computer^ since the subtraction is of a minus 
number from a positive number, which will- cause an addition of the two 
operands, and both have overflow bits 

The final arithmetic topic which has not been covered is how to multiply and 
divide. We have already noted that the RCA 301 has both an Add and a Subtract 
instruction. To aid the users, RCA will supply multiply and divide subroutines, 
which will perform these functions. A sub-routine is simply a group of instructions 
which will accomplish a given task. -These particular sub-routines will be "closed" 
sub-routines, which means that when the programmer wishes to execute a multiply or 
divide, he must transfer to the second instruction of the sub-routine (since these 
routines will be floatable (capable of being placed at any free area in memory) 
this will be the float address plus 10), the routine will then pick up STP, which 
tells where the transfer came from, and the last instruction will be a transfer 
back to this location. 
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There are three multiply routines and two divide routines. The multiply routines 
allow for operation on an 8 X 8, 10 X 10 or 17 X 17 field. The divide routines allow 
for operation on a 10 X 10 or 17 X 17 field. If an operand does not have the exact 
number of characters called for in the routine, it must be loaded with insignificant 
zeros . 

It is the programmer's responsibility to place the operands at standard HSM loca- 
tions, and any unused portions (including the product and the quotient areas) must be 
cleared of zeros. 



MULTIPLY 


MULTIPLICAND 


MULTIPLIER 


PRODUCT 


FILL WITH ZEROS 


8X8 


0808-0816 
LSC at 0816 


0791-0798 
LSC at 0798 


0817-0834 
LSC at 0834 


0791-0798 
0808-0816 


10 X 10 


0800-0809 
LSC at 0809 


0785-0794 
LSC at 0794 


0815-0834 
LSC at 0834 


0785-0794 
0800-0809 


17 X 17 


0799-0816 
LSC at 0816 


0782-0798 
LSC at 0798 


0799-0834 
LSC at 0834 


0782-0798 
0799-0816 


DIVIDE 


DIVIDEND 


DIVISOR 


QUOTIENT 




10 X 10 


0825-0834 
LSC at 0834 


0800-0809 
LSC at 0809 


0785-0794 

MSC at 0782 


0800-0809 
0825-0834 


17 X 17 


0818-0834 
LSC at 0834 


0800-0816 
LSC at 0816 


0782-0798 
MSC at 0782 


0800-0816 
0818-0834 



The 8X8 multiply requires 580 locations; the 10 X 10 600 locations; the 
17 X 17 690 locations. The 10 X 10 divide requires 600 locations; the 17 X 17 470 
locations. The multiplicand is destroyed, but the multiplier is restored. The 
divisor is restored but the dividend is destroyed; the remainder is left in the 
dividend field. 

Example : 

Suppose we had to write a program which would read in a card, calculate the 
total gross wage by multiplying the hourly wage by the rate, and transcribe this 
information to tape. The initial card is in the format: 



cols, 



1-5 
Emp # 



6-9 
Rate 



10-13 

Hours (XX. XX) without the decimal point) 



The transcription should appear in the same format, except that an additional 
5 digit field should be added to the end of the record containing the gross salary. 
This must be rounded to the nearest penny. The flow chart would appear as follows: 
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1 


/ 


READ 






— 


CARD 




2 




FILL MULT. 
AREA TO ZEROS 


3 




TRANS. 
RATE-* M.A. 


4 




TRANS. 
HRS. M.A. 



MULT. 



ADD ROUND 
OFF TO PROD 



TRANS. PROD. TO 
WRITE AREA 




THIS SYMBOL SHOWS ENTRANCE TO, 
EXCECUTION OF, AND EXIT FROM A 
SUBROUTINE. 



Suppose one particular card had the information: 

1234502554750 

which means that employee 12345 works at a rate of $2.55 and worked this week 47.5 hours. 

Once the multiply area has been filled with zeros and the operands moved to their 
respective fields, the multiplication will yield 1211250, or $121.12 and 5 mills. In 
order to round off, we must add 0000050 to the product area, which will give us 1211300, 
and moving just the leftmost 5 digits (12113) to the write area will place this weeks 
gross earnings in the proper position for writing the record to tape. 

The coding follows (assume that the multiply was placed inmediately following the 
program) on page XXIV -4. 
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TITLE 

CODER 

REMARKS 



DATE 
SEGMENT NO. 
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INST. 
LOC. 


NO. 
OF 
INS. 


HSM 
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(- 
■■< 
o, 
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2 
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6 


7 


8 
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6090 
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1 


^ 
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1 








1 


u 








J 








7 


9 


1 





8 


1 


6 




FILL MJLT. AREA WITH ZEROS 


2 






2 





c 





N 


k 


5 








8 





8 


1 


6 




TRaJSS RATE M.A. 


3 






3 





c 





N 
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2 





7 


9 
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h 
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1 


9 


6 


1 


2 







TRAITS TO MULTIPLY SUB-ROUTIHE 
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5 " 


r; 
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8 


3 


4 


6 


1 





9 




ADD ROUKD-OFF TO EROD 
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F 
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2 


5 


, 


1 
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TRAHS PROD. TO WRITE AREA 
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7 


U 








s 


3 
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T 


\ 
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SENSE ETW 


8 


^ 




8 


c 


. 





8 


3 


5 











5 





1 


7 




WRITE RECORD 


9 
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XXXV- CONSOLE 



The Console is normally the operators domain, but since it never does the pro- 
granmer any harm to be familiar with the layout of the panel and the various indica- 
tors, we will take time to discuss the layout of the console, the abbreviations, and 
the functions of the indicators and buttons . 

GEN RES: The General Reset button resets all the registers and counters and 
most of the flip flops, when depressed. 

START: The Start button will begin execution of the status level displayed. 

P, A, B, NOR/N, D, MR, S, T, SOR/M, U, V, FORA indicate the various registers. 
By depressing any one of these you will cause the contents of the 
register to be displayed. The contents of these registers will not 
be visable unless they are particularly called for in thi^ manner. 
For example, say that we were interested in the contents of the A 
register when the computer stopped. By selecting the A register 
(depressing the button marked A) the address in the A register would 
appear in binary in the display area: 




<^ 




<€> 




€> 



Reading this, we can see that the address is 0310. 

The P, A, B, S, T, U, and V register will appear as four characters 
in length; the NOR/N, SORAl, and FORA and the D and MR registers 
appear as only 2 characters , 

The Special Purpose switches are alternate action switches and include: 

OGSP: One Cycle Stop, which permits the operation to be performed one 

status level at a time by stopping the computer at the end of every 
status level, 

ICSP: Instruction Complete Stop, which permits one instruction at a time 
operation by stopping the computer prior to the staticizing the 
next instruction. 

FPLS: First Processing Level Stop, which permits the computer to stop 
after staticizing the instruction. 
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RCA 301 CONSOLE 



POWER 
OFF 


TAE 


RE 


DDF 


WTT 


STLE MAPE 


O 






P 


A 


B 


"% 


" 


MR 


o 




1 


1 








^ 














r"' I 




































GEN 
RES 


SAL 


MCP 


WE 


CCE 


SORM COME NRPE MRPE 




s 


T 


"% 


U 


V 


y.o 


1 


1 









c 
1 

J 1 



1 

N3 



FAL 


RAE 


CIG 


MPE 


FORI 


ARIE 


NORN 


OPE 




















^ 






1 








C 

2 



FB 


SB 






ALI 


HSMI 


STLR 


BCT 


SMDI 


ISIM 




INT 


1 

BAI 


WTA6 


WRM 


RDM ICSP FPL5 OCSP 




1 


1 








C 

3 




STARl 



<('y>All buttons with<(^configurations are reset buttons. 



RDM: Read Memory, which allows the displaying of any diad in HSM. 

WRM: Write Memory, which permits the placing of two characters at a time 
into any diad in HSM. 

HSMI: HSM Inhibit, which inhibits information from going to or coming from 
HSM. 

BAI: Bus Adder Inhibit, which inhibits' the adding or subtracting ability 
of the Bus Adder. 

STLR: Status Level Repeat, which inhibits the changing of the current 
status level. 

ISIM: Inhibit Simultaneity, causes all instructions to be executed serially, 
although they take place in the mode desired. 

BCT: Bypass Card Translation, which causes the automatic card translation 
to be inhibited, and places the information into memory so that 2 
characters represent 1 column. 

INT: Interrupt button, which is sensed by the CTC instruction when N = &. 

WTAB: Write to Table allows the arithmetic tables (0000-0199) to be written 
into HSM. When not setj any attempt to write to the tables will 
cause an alarm. 

SMDI : Simultaneous Mode Inhibit, causes all Simultaneous Instructions to 
be performed in the Normal Mode, It also will store the A register 
when the S register is indicated in the Store Register instruction. 
However, storing the A register only means forcing STA, and will 
not automatically place the contents in any given destination area. 

ALI : Alarm Inhibit, when depressed the Computer will not stop on any 
error condition, but the alarm indicator will light. 

The Alarm Indicators include: 

Alarms for Parity Errors in the following registers: 

SORM: Simultaneous Operation or M Registers 

NORN: Normal Operation or N Registers 

FORL: V or L Registers 

NRPE: Repeat Register 

MAPE: Memory Address Register 

MRPE: Memory Register 

DPE: D Register 

STLE: Status Level 
alarms for such other errors as: 
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CCME: Error in the Comparator 

ARIE: Arithmetic error caused by one of the following in a lOK or 20K 
computer: 

2^ bit is a "1" in MSD of both operands in an Add instruction; 
2^ or 2^ bit is a "1" in other than MSD or LSD of either operand; 
2^ bit is a 1 in the MSD of one of the operands and there is a carry. 

Processor with 40,000 character memory: 

a. An address ADD or address SUBTRACT instruction with a resultant neg- 
ative address whenever an operand is distinguishable from data by 
having a zone bit in the MSD position. 

b. 2 or 2 bit is a "one" in other than the MSD or LSD of either operand. 

c. 2-' bit is a "one" in the MSD of one of the operands and there is a 
carry. 

WTT: Write To Table indicates an attempt to write to the arithmetic 
table withoMt setting WTAB. 

DDF: Device Doesn't Follow means that the device addressed is inoperable. 

RE: Read Error indicates that an error has occurred during a read in- 
struction or when data is transferred from HSM to the printer out- 
put buffer. 

TAE : Tape Address Error indicates that there is a parity error in the 
tape address . 

CCE: Card Compare Error indicates the second read station does not com- 
pare with the first read station on the Card Reader, or that the 
read station does not compare with the punch on the Card Punch. 

WE: Write Error indicates that an error has occurred during a write in- 
struction or when data is transferred between the memory register 
and an input or output buffer. 

MCP : Missing Clock Pulse shows that there is an error on the 33 kc or 
66 kc tape station(s). 

SAL: Simultaneous Alarm occurs when an input-output alarm has occurred 
and the instruction is in the Simultaneous Mode. 

MPE : Multipunch Error indicates that a non-301 character has been recog- 
nized on a card with the BCT switch off. 

CIG: (Character in the Gap) shows that a block of less than 3 characters 

has been read or indicates that a Card Read or Card Punch instruction 
has not been staticized in the required amount of time when utilizing 
Read or Punch release for the Card Reader/Punch. 

RAE: Record File Address Error indicates a parity error in the Record 
File Address Register. 

FAL: Record File Alarm shows that an error has occurred in an instruc- 
tion in the Record File Mode. 
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The remaining miscellaneous indicators are: 

SB, which indicates that the Simultaneous Mode is busy. 

FB, which indicates that the Record File Mode is busy. 

Power Off, which will turn off the power to the computer. Turning the 
power on must be done at the Power Supply. 
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XXXVI - RCA 301 PROGRAMMING STANDARDS 



In all the programs we have done up to this point, we have been interested only 
in doing the work defined in a correct and efficient manner. However, if we were 
programming for actual use, rattier than training, we would be required to follow 
certain programming standards. In order that these requirements will be completely 
understood and familiar, it seems advisable to discuss them, in detail, at this point. 

The first requirement which is made is that machine coded programs be prepared 
in a particular format. By utilizing the RCA 301 Computer Program Record, that we 
have been using throughout the text, this requirement is automatically met. This 
form has many columns which are self explanatory, such as "from instruction location", 
"HSM location", "Referred to by", "Remarks" and "Box No.". Two columns, Float A and 
Float B, have not been defined as yet. All of our programs have been written so 
that the first character falls in a pre-designated location and all characters fall 
sequentially after it. With this method, each character in the program is addressable 
by a specific or "fixed" address. Suppose, however, that we wanted to be able to 
write a program that would fit into memory. in any area that we had available at any 
one time. This type of program we would call "floatable". To enable us to do this, 
the routines written to load the programs into memory from the initial input media 
have the ability to "float" programs by incrementing every address which is denoted 
to be a "float" address by the HSM address of the first location in the area to re- 
ceive the program. If we coded our program to start at location 0000 (even though 
we know that this is not normally permitted) and placed a 1 in the Float A and/or 
Float B box (depending upon if we wanted the A and/or B address modified) we would 
have a floatable program. For example, the following program does nothing but read, 
write and transfer. The first solution shows it coded as a fixed program, beginning 
at location 2000. The second solution shows it as floatable program. 
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If we then loaded the second solution into the area starting at 2000, 2000 
would be added to each address marked for floating: 

2000 4 2 2030 2099 

8 if 2030 2099 - 

VI 0219 2000 

If we had choosen 9500, the program would appear in memory as follows: 

9500 4 2 9530 9599 
8 k 9530 9599 
V 1 0219 9500 

Thus we can re-float any program simply by re-loading it with a new float address. 

In addition, we must code the programs so that if a block of instructions (a 
block is contained within the heavy black lines) contains less than 6 instruction 
they must be located at th^ top of the block with the location to receive the first 
character in the HSM LOCATION box and the number of instructions in the NO. OF INS. 
box. This enables the loader routines, which we will discuss later, to place our 
program into memory at the proper locations. Note the follpwing example: 
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Writing and Card Key-Punching Stand ards for All RCA 301 Characters 

Writing and Over-Punching. Standards 

Due to the nature of RCA 301 coding, standards have been established to facili- 
tate the writing and card punching of 30l eharaeteris. The standards are defined as 
follOMs: 



Character 


Writing 


Card 


Character 


Writing 


Card 


Description 


Standard 



Key-Punching 



Description 
Apostrophe 


Standard 



Key -Punching 


Zero 


F/8 


one 


1 


1 


Minus 


© 


X (Zone Punch) 


Two 


2 


2 


J 


J 


J 


Three 


3 


3 


K 


K 


K 


Four 


4 


4 


L 


L 


L 


Five 


5 


5 


M 


M 


M 


Six 


6 


6 


N 


N 


N 


Seven 


7 


7 











Eight 


8 


8 


P 


P 


P 


Nine 


9 


9 


Q 


Q 


Q 


Space or 




No 


R 


R 


R 


Underline 




Punch 


End of 






Number 


# 


3/8 


information 


EA 


K/8 


At 


@ 


4/8 


Dollar 


$ 


L/8 


Op n 






Asterisk 


* 


M/8 


PatenthesiB 


( 


5/8 


End Data 


E/D 


N/8 


Closed 






End File 


E/F 


9/8 


Parenthesis 


) 


6/8 


Quotes 




X (Zone Punch) /O 


Ampersand 


& 


Y (Zone Punch) 


Slant 


5^ 


0/1 


A 


A 


A 


S 


T 


S 


B 


B 


B 


T 


T 


T 


C 


C 


C 


U 


U 


U 


D 


D 


D 


V 


V 


V 


E 


E 


E 


w 


w 


w 


P 


F 


F 


X 


X 


X 


G 


G 


G 


Y 


Y 


Y 


H 


H 


H 


z 


■* 


Z 


1 


I 


I 


End Block 


E/B 


S/8 


Plus 


+ 


B/8 


Comma 


) 


T/8 


Period 


B 


C/8 


Percentage 


% 


U/8 


Semteolon 


1 


D/8 


Item Separator 


• 


V/8 


Colon 


m 


E/8 


Equal 


^ 


W/8 


Program Card 













The instructions written on the RdA 301 CCMPUTER PROGRAM RECORD (Exhibit 1) are 
punched on paper tape or punched cards in instruction groups of 6 or less. The format 
of the 301 INSTRUCTION CARD is (Exhibit 2) as follows: 



XXXVI-5 



Card 
Column 


Interpreter 
Position 


Interpreter 

Line 


Field 


1 


1-2 




Number of Instructions 


2-5 


5-8 




Beginning HSM Address 


6-7 


11-12 




Instr. #1 - Float Digits 


8-9 


14-15 




OP-N 


10-13 


17-20 




A Address 


14-17 


22-25 




B Address 


18-19 


28-29 




Instr. #2 - Float Digits 


20-21 


31-32 




OP-N 


22-25 


34-37 J 




A Address 


26-29 


39-42 




B Address 


30-31 


45-46 




Instr. #3 - Float Digits 


32-33 


48-49 




OP-N 


34-37 


51-54 




A Address 


38-41 


56-59 




B Address 


42-43 


11-12 


2 


Instr. #4 - Float Digits 


44-45 


14-15 


2 


OP-N 


46-49 


17-20 


2 


^ A Address 


50-53 


22-25 


2 


B Address 


54-55 


28-29 


2 


Instr. #5 - Float Digits 


56-57 


31-32 


2 


OP-N 


58-61 


34-37 


2 


A Address 


62-65 


39-42 


2 


B Address 


66-67 


45-46 


2 


Instr, #6 - Float Digits 


68-69 


48-49 


2 


OP-N 


70-73 


51-54 


2 


A Address 


74-77 


56-59 


2 


B Address 


78-80 


5-7 


2 


Identification # 
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Another requirement which must be met deals with segmenting a program. The 
small programs we have been writing could easily be placed in 10,000 character lo- 
cations but suppose we wrote a program containing 1300 instructions. This would 
require 13,000 memory locations and obviously would not fit in memory. For this 
reason, the program must be broken into segments containing no more than 700 instruc- 
tions, thus leaving room for read-in areas, work areas, etc. 

> ,|.e@gg|:..!aan_hE„^ny number of instructions _(u£ to__^7 00 ) that _ are yj^gggg^^jjt of ^ 

the rest"'of. j±e--pxQfflr.am. That isV no'TnsWuctions in a segment can 'directly affect 
instructions in another segment, since only one segment of a program will be in 
memory at one time. For example, housekeeping could be a segment of a program since 
most of the steps pertain to such things as clearing work areas, checking labels, 
etc. (The exception would be instructions used to initialize switches and other 
instructions, since these would not yet be in memory). Once these steps are ex- 
ecuted, there is no longer any reason why they should remain in memory, since they 
will not be executed again during the running of this program. For this reason it 
would be possible to incorporate steps which would bring in the next segment and 
place it over the housekeeping instructions, in effect wiping housekeeping out of 
memory. 

This next segment might be the production portion. Once this is completed, the 
End of Run routine could be performed without having the main instructions in memory 
so that, if memory requires it, we could make the EOR steps the third segment of the 
program, and have the second segment (main portion) incorporate coding to read in 
these EOR instructions when needed. 

We have really been discussing two things, segmenting and overlaying. Segment- 
ing is simply deciding where to break the coding, while overlaying is the incorpora- 
tion of the program steps which will read the next segment into memory over that 
portion of the program which is already in memory but of no further use. Three 
rules must be remembered in segmenting: 

1) the first instruction of each program segment must contain the letters 
PS as the first two characters and HSM location to receive this first 
digit must be placed in the A address. The B address must contain in- 
formation to identify the program segment; 

2) the second instruction of the first program segment must be the entrance 
location; i.e., first instruction to be executed. This is due to the 
fact that the insertion routines (which will load the program and set 
the P register to address the first instruction to be executed) will 
assume that this condition exists; 

3) the last instruction in the entire program must transfer or exit to a 
standard HSM location. 

Since the insertion routine will insert only the first segment of each program, 
it is the responsibility of the programmer to handle all insertions of additional 
segments and overlays. In addition to incorporating into the segment those steps 
necessary to read in the next segment, it is also necessary to do the following: 

1) place the segment number (always 2 digits) into HSM locations 0858-0859, 

2) place a STORE V REGISTER instruction into HSM locations 0870-0879. This 
instruction must read: 

VI 0219 XXXX (where XXXX is the return address to the main program) 

3) transfer control to HSM location 0860. 
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There are certain locations in memory which are restricted from the programmer's 
use. These are called Standard HSM Areas and can be broken into two groups. The 
first group are those locations required for use by the 301 Computer. This area of 
memory falls between QOOO«Q225 and includes: 

0000-0099 Sm Table 

0100-,0199 Difference Table 

020?™0205 Card Punch Instruction location, which is used by the computer in 
order to keep track of the first of 80 positions to be scanned 
for pach card. 

0206^0209 Arithmetic Instruction Location, which is used to hold the address 
of the sign of the sum or difference so that the computpr pan 
correct it, if the resylt indicates correction is necessary. 



0212^215 


STA 


0216-^0219 


STP 


0222-0225 


Store P during REPEAT 




MOPEL 303 PROCESSOR 


9900-9977 


Print Table 


9978-9999 


Reserved 



1900-1977 
I978-I999 



MOPEL 304 PROCESSOR 
Print Table 
Reserved 



Z900-Z977 
Z978-Z999 



MODEL 305 PROCESSOR 
Print Table 
Reserved 



The second growp includes those locations i^ich are required by the service 
routines, which we will discuss in the next chapter. These fall between 0226»1999, 
and include: 

0200-0200 Storage location for the program tape number for program in- 
sertion from magnetic tape (used only for magnetic tape libraries) 

0226-0228 Storage locations for the band number position of the standard 
record file. (Used only for disc libraries and only by the 
service routines, but whenever a Select instruction is escecuted 
the band number must be transferred to these locations.) 

0230-0599 Program Insertion Routine 

0600-0759 Program Insertion routine work area (also the first 12Q locations 
are used as a standard print area by the service routines or by 
the programmer, if needed), 
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0760-0767 Standard Date, this should be loaded as an initial step each day. 

0770-0779 Standard Exit, all programs should transfer to this position at 
EOR, 

*0780-0834 Multiply and Divide Parameters. 

*0835-0849 Tape Table, which appears as follows: 

35 36 37 38 39 40 41 42 43 44 45 46 47 48 
08 123456ABCDEFJN 

This tape table will be initialized by the Insertion Bootstrap. 
Each program should utilize this table for tape swapping. In 
this manner, if a particular tape is inoperable, it is possible 
to make a substitution in the table and modify the entire program. 
(If you refer back to the entire program done in the chapter on 
Program Controls, you will note that we also had a "tape table" 
except that we incorporated ours in the program itself. With this 
external tape table, we can accomplish uniformity between programs.) 

*0850-0879 Overlay Area, which has already been discussed. 

*0880-1999 Storage Area for Debugging Routines. 

Those areas that are marked with ^'s may be used for other purposes when they 
are not used for the indicated purposes. 

The programmer has available from HSM location 2000 to the last 100 locations 
in memory for his program. 

Since only one Stop instruction is available in the RCA 301, it is necessary to 
indicate whether it is a normal stop or an error stop. The following convention should 
be used: 

a. The N character of a Stop Instruction will be for a programmed normal 
stop and a 1 for a programmed error stop. 

b. The A address of the Stop will be numerically coded to indicate the 
meaning of the Stop when no print -out accompanies the Stop. 

Care must be exercised when using the Translate by Table Instruction. The 
translate table must be located in a HSM location ending in 00. Particular care 
should be exercised in floatable programs. 

When the Record File is utilized for program storage, an EB character can only 
appear as the last character in a program segment. Therefore, when need arises to 
use an EB character for a count, another means must be adopted, such as using a lower 
count and repeating the instruction. Likewise, if need arises for a constant EB, the 
last character of the segment may be used. 

When using the Record File, the band number of the disc must be stored in the 
standard locations 0226-0228 after each band select. This requirement is only 
necessary for the standard record file, i.e., it does not apply for use of the 
optional record file units. This standard is necessary for any type of program 
interruption. For example, the Sampler will disturb the position of the Record 
File while sampling, and after each Sampling Point, will restore the position of 
Record File according to the information contained in locations 0226-0228. 
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301 and 501 Translation Tables 

Alphabetic, numerics, and following characters: 
()":$%; (9 * / , # E/F EA) ISS ' 



& 



will be translated from their RCA 501 Configurations to corresponding RCA 301 Con- 
figurations and vice versa. 

The following table gives the translation for all remaining characters from 
RCA 501 Configurations to RCA 301 Configurations and vice versa. 



RCA 


501 


RCA 


301 


Symbol 


Configuration 


Sjnnbol 


Configuration 


Blank 


000000 


@ 


001100 


Space 


000001 


SP 


001010 


Cross 


000010 


+ 


011010 


Carriage Shift 


001111 


cs 


001111 


Page Change 


010000 


PC 


011111 


Line Shift 


010001 


LS 


101111 


Carriage Normal 


011111 


- 


111110 


End Message 


111101 


EI 


101010 


Start Message 


111110 


EB 


111010 


Delete 


mill 


Unused 


mill 



The RCA 501 character (77)3 will be translated to RCA 301 character (77)g. 
This RCA 301 character can be used for sensing or writing to a Record File or tape 
on a Tape Adaptor. However, it cannot be written to a tape on the High Data group. 
Octal characters (17)g, (37)3, (57)3, and (77)3 cannot be introduced into the RCA 
301 system via cards or paper tape; and therefore, must be generated if desired 
for sensing purposes. 

501 to 301 Translation Table (501 Magnetic Tape Input) 

The following table shows the construction of a translate table in 301 HSM 
used to translate RCA 501 characters (introduced via a magnetic tape) to the 
corresponding RCA 301 character configurations. The chart is as the table would 
appear on a coding sheet where XX is arbitrary. 





00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


xxoo 


@ 




+ 


( 


) 


ft 


. 


$ 


Free 


Free 


10 


% 


T 


& 


I 


© 


* 


, 


CS 






20 


PC 


LS 


/ 





1 


2 


3 


4 






30 


5 


6 


7 


8 


9 


J 


# 


= 






40 


A 


B 


C 


D 


E 


F 


G 


H 






50 


I 


J 


K 


L 


M 


N 


9 


P 






60 


Q 


R 


S 


T 


U 


V 


W 


x 






70 


Y 


Z 


E/F 


EA) 


• 


EI 


EB 


(77)8 
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501 to 301 Translation Table (501 Paper Tape Input) 

The following table shows the construction of a translate table in HSM used to 
translate RCA 501 characters (introduced via 501 paper tape) to the corresponding 
RCA 301 Character Configurations. The chart is as the table would appear on a coding 
sheet where XX is arbitrary. 





00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


xxoo 


77(8) 

X 


E/B 


EA 


• 


E/D 


E/F 


Z 


Y 


Free 


Free 


10 


W 


V 


U 


T 


S 


R 


y 






20 


P 





N 


M 


L 


K 


J 


I 






30 


H 


G 


F 


E 


D 


C 


B 


A 






40 


= 


# 


.) . 


9 


8 


7 


6 


5 






50 


4 


3 


2 


1 





/ 


LS 


PC 






60 


CS 


, 


* 


© 


I 


& 


) 


% 






70 


$ 


: 


It 


) 


( 


+ 


- 


@ 







301 to 501 Translation Table 

The following table shows the construction of a translate table in HSM used to 
translate RCA 301 Characters to the corresponding RCA 501 Character Configurations. 
The chart is as the table would appear on a coding sheet where XX is arbitrary. The 
symbols internal to the table contain the proper octal configurations to produce the 
correct translation to 501 characters. 





00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


XXOO 


C 


D 


E 


F 


G 


H 


I 


+ 


Free 


Free 


10 




1 


1 


I 





3 


4 


CS 






20 




e 


J 


K 


L 


M 


N 


Q 






30 


P 


p 


2 


) 


9 


6 


ff 


& 






40 


@ 


R 


E/I 


$ 


* 


E/D 


E/F 


LS 






50 


tt 


/ 


• 


7 


( 


, 


E/B 


A 






60 


5 


B 


S 


T 


U 


V 


W 


X 






70 


Y 


Z 


= 


■ 


8 


% 


PC 


778 
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standards for the Organization of Data on Cards, Magnetic and Paper Tape, and 
Data Record File ' '~'~~ 



Legend 



E/B represents the RCA 301 End Block Symbol 
^ E/I represents the RCA 301 End Information Symbol 

E/F represents the RCA 301 End File Symbol 
l^E/D represents the RCA 301 End Data Symbol 

BL represents the Beginning Label 

EL represents the Ending Label 

BLK represents a Block of Data or One Cell which contains Data 



represents an Interblock Gap 
I represents a single 80-character card 



* NOTE: 



These symbols are used for control purposes only and must not appear within data, 
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I MAGNETIC AND PAPER TAPE STANDARDS 

A. Standard Label Formats 

1, Beginning Label (29 Characters) 





REEL- 


DATE- 


PURGE - 


ENTIFICATIOI 


I NUMBER 


WRITTEN 


DATE 


8 Chars . 


3 Chars. 


6 Chars . 


6 Chars 



1 ^/B -fiT 


:z:i" -1 1 - 1 1 1 1- 1 1 1 1 »^ 1 



2. Ending Label (10 Characters) 
BLOCK -COUNT 
7 Chars. 



-rTTiiTTl.A 



E/B 



B. Tape Label Conventions 

The 301 User is permitted the following label conventions: 

1. Standard Labels may be indicated. 

2. Beginning and Ending Labels may be omitted. 

3. A Beginning Label may be specified without an Ending Label. However, 
an Ending Label may not be specified without a Beginning Label. 

4. The User may specify the format of the entire label (s) in which none 
of the standard items appear. 

5. Additional information may appear in the label following all standard 
items indicated above, except the EA symbol. The EA symbol must always 
be the last character of the label. 

NOTES : 

1. The PURGE-DATE of a file is the earliest date on which the contents of 
the file can be destroyed. 

2. The PURGE-DATE of a label written on paper tape always contains six zeros, 

3. The BLOCK -COUNT of a file is the total number of data blocks on a tape, 
and does not include Beginning or Ending Label Blocks. 
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C. RCA 301 Organization of Data on Tape 

1 ■ All data records are terminated by an E/I symbol . 
2. A batch may contain: 

a. A variable number of fixed length records, 

b. A fixed number of fixed length records, 

c. A variable number of variable length records, 

d. A fixed number of variable length records. 



A batch is always terminated by an E/F symbol . 
character in the batch' 



The E/F must be the last 



When the input to a run is composed of an single records, then no E/F 
symbol appears after the E/I symbol in any of the records. However, when 
the input to a run is batched, then each batch contains an E/F symbol as 
the last character of the batch even though some batches may consist of 
single records. 

When labels are not present: 



a. 
b. 
c. 



Each reel of a file begins with a block consisting of a single E/F 

symbol . 

Initial and intermediate reels of a multi-reel file are terminated 

by a block consisting of a single E/D symbol. 

The final reel of a multi-reel file, or a single reel file, is 

terminated by two successive blocks, the first of which consists of 

a single E/F symbol, and the second, a single E/D symbol. 



6. When labels are present; 



LS 



a. Each reel of a file begins with a Beginning Label block, followed 
by a block consisting of a single E/F symbol. 

b. Initial and intermediate reels of a multi-reel file are terminated 
by three successive blocks: 

(1) A block consisting of a single E/F symbol. 

(2) An Ending Label block. 

(3) A block consisting of a single E/D symbol. 

c. The final reel of a multi-reel file, or a single reel file. 
terminated by four successive blocks: 

(1) A block consisting of a single E/F symbol. 

(2) An Ending Label block. 

(3) A block consisting of a single E/F symbol. 

(4) A block consisting of a single E/D symbol. 

D. Format of Data on Tape 

1- Initial and Intermediate Reels of a Multi-Reel File (With Labels) 



BL 



I 



E/F 




BLK 




ELK 
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2. Final Reel of a Multi-Reel File (With Labels) or Single Reel File 
(With Labels) 



BL 



y/ 



!/F 




Ablk 




BLK 




A 



E/F 




EL 



Y^'l 




E/D 



3. Initial and Intermediate Reels of a Multi-Reel File (With No Labels) 



E/F 



BLK 



V/ 




BLI 




A 



BLK 




BLK 




BLK 




E/D 



i).. Final Reel of a Multi-Reel File (With No Labels) or Single Reel File 
(With No Labels) 



E/F 



BLi 




BLE 



/ 




A 



BLK 




BLK 




E/F 




E/D 




5. Single Records on Tape 




one block one block one block one block one block 



6, Batched Records on Tape 



// 



V^ec. E/I 



Rec. E/I 
2 



Rec. E/I 
3 E/F 




>„/^ 

one block 



-J 



A 



Lee. E/I 
4 



t: 



Rec. E/I 
5 



Rec. E/I y^ 
6 E/F V^' 



" "' -v 

one block 




Rec. E/I E/F 
7 




Rec. E/I 



Rec. E/I E/F 



V 

one block 



- V 

one block 
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II Card Standards 

A. Standard Label Formats 

The standard label formats for magnetic and paper tape also apply to card files 
with the following exception: 

The STAMDARD label items, REEL-NUMBER and PURGE-DATE do not have logical 
significance for card files. Thus, the REEL-NUMBER will always be 001 
and the PURGE-DATE will always contain six zeros. 

B. Card Label Conventions 

The label conventions for magnetic and paper tape also apply to card files with 
the following exception: 

The length of a user-defined label must not exceed 80 characters including 
the E/B _(space) and E/I symbols. 

C. RCA 301 Organization of Data on Cards 

1. Data records are not terminated by an E/I symbol, nor any other symbol. 
Note that this rule does not apply to labels. 

2. Data records may not be batched. 

3. Data records must be a fixed 80 characters in length. 

D. Format of Data on Cards 
1. With labels 





BL 














Data 




y 


2. 


Without labe 


!lS 




/ 




Data 





Data 



Data 



E/F 



[ 



EL 



Data 



c 



Data 



Blank 



Data 



E/F 



G 



ank 



Blank 
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Notes: 1. An E/F Card signifies the end o£ the catd file. The E/F Symbol must 
appear in the Eirst coluntn, and the remainder of the card must be 
blank. 

2. A card file With_„labeJ.s must be followed by at least one blaiik card ; 

a card file Without labels tiiust be followed by at least two blank cards . 
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Ill Data Record File Standards 

A. Standard Label Formats 

1. Beginning Label (29 Characters) 

When Beginning Labels are used, they appear in the first cell of the 
initial band on each record side. 



IDENTIFICATION 
8 Chars. 



SIDE- DATE- ' PURGE- 
NUMBER WRITTEN DATE 

3 Chars . 6 Chars . 6 Chars 











^ 


V 








A A 






,._ A,, 






1 




^ 


_ 


E/F 


- 
















- 




- 












_J 


- 




_ 








E/I 



The SIDE-NUMBER is a count- of the current record side in the file. 
The SIDE-NUMBER starts at 001 for the first record side in the file. 

2. Ending Label (10 Characters) 

When an ending label is used, it appears only on the last record side 
of a file, and must always appear in the beginning of a cell. The ending 
label contains the count of the number of data blocks in the file. The 
format is as follows: 

BLOCK -COUNT 

7 Chars . 



E/E - 



:^ 



E/I 



Data Record File Label Conventions 

The 301 user is permitted the following label conventions: 

1. Standard Labels may be indicated. 

2. Beginning and Ending Labels may be omitted. 

3. A Beginning Label may be specif ied -without an Ending Label, however, 
an Ending Label may not be specified without a Beginning Label. 

4. The user may specify the format of the entire label (s) in which none 
of the standard items appear. 

5. The E/B symbol' must always follow the E/I symbol in a Beginning Label. 

6. The E/F E/B or E/F E/D E/B symbols must always appear following the 
E/I symbol in the Ending Label. 
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7. Additional information may appear in the label following all standard items, 
This information must precede the E/I symbol. 

RCA 301 Organization of Data on the Data Record File 

1. All data records are terminated by an E/I symbol. 

2. No records may be split over cells. 



3. All records must be fixed in size. If batching is used, the batch must. 
contain a fixed number of fixed-length records. 

4. Data in each cell is terminated with an E/B symbol. Data is restricted to 
897 characters per cell to allow for the writing of E/F E/D E/B in the same 
cell. 

5. When labels are not present, the following sentinels can appear immediately 
following the E/I symbol of the last record of the last used cell, or in the 
very next cell of the band, as indicated. When labels are present, the 
following sentinels must always, appear following the last character of the 
Ending Label, as indicated. 

a. The sentinel E/D E/B terminates a partially filled record side. 
Additional information for the same file, would appear on the next 
logical side to be processed. (Note" that this sentinel is never 
used following an Ending Label .) 

b. The sentinel E/F E/D E/B indicates the end of data for the last 
file to be processed. 

c. The sentinel E/F E/B indicates the end of data for a file. 

6. The five character sentinel E/F END E/B signifies the end of data in the 
first band of a record side and immediately follows the E/I symbol of the 
last data record. If there is insufficient space in the last data cell it 
will appear as the first five characters of the following cell. When this 
sentinel appears, the first cell in the second band must contain the next 
data block. 

This sentinel is not used if data appears in all cells of a band or if 
the sentinels E/F E/B, E/D E/B, or E/F E/D E/B appear in the band. 

Format of Data on Data Record File 

1. Initial -and Intermediate Side of a Multi-Side File (With Labels) 



1st 
Band 



2nd 
Band 



BL E/B 



T 

CELL #0 



BLK 



BLK 



#1 



I i 



BLK 



BLK 



#2 

i 



BLK 



BLK 



#3 

i 



BLK 



BLK 



i 



BLK 



#9 

i 



BLK 




BLK 
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2. Final Side of a Multi-Side File (With Labels) or Single Side File (With 
Labels) ' """■'" ™-,,,™,„.,.^-„ 



1st 
Band 



2nd 
Band 



BL E/B 



T 



BLK 



BLK 



BLK 



T 



BLK 



T 



BLK 



C ELL #0 #1 #2 #3 #4 



BLK 



BLK 



BLK 



EL E/F 
E/D E/B 



#9 



3. Initial and Intermediate Side of a Multi-Side File (With No Labels) 



1st 
Band 



2nd 
Band 



BLK 



BLK 



BLK 



T 



BLK 



T 



BLK 



CELL #0 #1 #2 #3 #4 

vy 4^ '■y ■» ■i 



BLK 

y 



BLK 



BLK 



BLK 



BLK 



BLK 



#9 

i. 



BLK 



4. Final Side of A Multi-Side File (With No Labels) or Single Side File 
(With No Labels) ' 



1st 
Band 



2nd 
Band 



BLK 



CELL #0 



BLK 



-I 



BLK 



"T 

#1 



BLK 



"T 

#2 

I 



BLK 



BLK E/F 
E/D E/B 



T 

#3 

J. 



BLK 



#4 



3 



BLK 



T 

#9 



5. Single Records on the Data Record File 



£ 



unused part of 
cell 



^----Record-1-^E/I E/B 



•Record-2- 



->E/I E/B 



*>-^ 



yr- 

1 cell 



— xr— 

1 Cell 
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6 . Batched Records on the Data Record File 



Rec.-l E/I Rec.-2 E/I Rec.-3 E/I E/B 



unused part 
of cell 



Rec.-4 EA Rec.-5 E/1 Rec.-6 E/I E/B 



x: 



_ ^^ 

1 Cell 
7. Partially Filled Record Side 



~*N/ 

1 Cell 



1st 
Band 



2nd 
Band 



BLK-1 



BLK-2 



BLK-3 



E/F 
END 
E/B 



BLK-4 



BLK-5 



BLK-6 



BLK-7 
E/D 

E/B 



CELL ffO #1 #2 #3 #4 

i i i i L 
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XXXVII - RCA 301 SUPPLIED ROUTINES 



To date, the programs we have discussed have been "Production" Programs, That 
is, they perform some function of the particular installations application. There 
are other programs necessary for EDP, however. 

In an effort to facilitate the user's development and maintenance of an efficient 
system, RCA provides a series of "service routines". Service routines are s.P -eiii.al 
computer prog rams for performing tasks common to all Electronic Data Processing 
Systems'. For^^xampTe , "'a?E"tTi€"p6ihT ttiat" the production programs" Tre"operational 
(iVeT, performing the task for which they were written) , they must be completely 
free of logic or coding errors, in order to produce accurate results. The checking 
of these programs is called "debugging", which simply means getting any "bugs" or 
mistakes out of the programs. To aid in this procedure, RCA supplies to its users 
a series of service routines designed and written for this purpose. 

Since a basic understanding of the service routines available is a prime 
requisite of a good programmer, we will investigate the philosophy and functions of 
the RCA 301 Service Routine System. We will not go into the use and operation of 
these routines, since it would be more detail than we need at this point. Such in- 
formation can be obtained from the RCA 301 Service Routines Specifications or the 
RCA 301 Service Routine Manual. 

Since the RCA 301 is a flexible system with regard to input-output equipment, 
and long term storage, it is only logical that the Service Routine System be devel- 
oped to be adaptable to any particular installation's needs. For this reason, there 
are actually three Service Routine libraries. The first is written for magnetic 
disc storage of the programs; the second is written for a magnetic tape library, and 
the third is written for a card library. We will discuss each of these in turn. 

DATA RECORD FILE LIBRARY: 

To understand the Systems Operation, it is necessary to first understand the 
library concept. In this system we are discussing a disc library. In other words, 
each program is maintained on one or more discs, and there is never more than one 
program on a disc. The first cell of each disc contains information which identifies 
the program contained on the disc. The first segment of the program may not exceed 
700 instructions; each segment must start on a new cell. The program discs are 
placed in the basket, so that the disc which contains the insertion routine, which 
we will discuss in a moment, is located at a standard location. Following that are 
the discs containing the programs which are to be used and the last disc is called 
a terminal disc, which simply indicates that beyond this point there are no more 
programs . 

The function of the Insertion Routine is to read the first segment of the de- 
sired program into memory and set the P register to address the first instruction. 
This insertion routine can be set up to do a single insertion or automatic multiple 
insertions. The single insertion will load only one program (the program desired 
is designated by a "load message", which is input to the Insertion Routine), execute 
this program, stopping at EOR. For run-to-run operation, the discs must be arranged 
in the order of processing sequence, following the insertion disc, and terminated by 
the terminal disc. The bootstrap routine, (a short routine maintained in memory for 
the purpose of calling in the insertion routine) brings in this insertion program, 
which in turn calls in the first segment of the program, sets the P register and 
stops for operator convenience. The operator can then start the execution of the 
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program by depressing the Start button. Additional segments of the program must be 
called in from the discs by the coding. When ECK has been reached, the program must 
transfer to a common exit location, which in turn transfers to the bootstrap and the 
process is repeated for the second program. The procedure will continue until the 
terminal disc is sensed, at which point the computer will stop operation. 

The next classification of Service Routines in this library is the General 
Processing Routines. These include the Multiplication and Division subroutines dis- 
cussed earlier, the Sort and Merge routines to be discussed in the next chapter, and 
such other routines as: 

1. File Maintenance, which will position, correct, duplicate, and/or compare 
tape or disc stores files. 

2. Tape-To-Printer, which edits information from 301 or 501 tapes and prints 
the information on the on-line printer. 

3. Card-To-Tape or Tape-To-Card , which edits information from 301 or 501 
tapes and punches cards, or reads cards and prepares tapes for 301 or 
501 use, 

4. Abstract routine, which is used to obtain a summary of the information 
contained on magnetic tape. 

5. Disc Print routine, which prints the information contained on specified 
discs. 



Machine Code Oriented Programs ^ " 

Program preparation in machine coding means that the program is prepared for 
debugging once it has been coded, desk checked, and prepared as input to the com- 
puter. The Program Disc Transcriber routine will read the information from punched 
cards or paper tape, relocate the instructions to a new HSM location if the program 
is floatable, and then transcribe the program to the disc in proper format. A' print 
copy of the program can be obtained by using the Program Disc Print routine. 



MAC3NETIC TAPE LIBRARY: 

The second major RCA 301 Service Routine Library is designed around the use of 
magnetic tapes for program storage. 

The Tape Library routines are designed to allow for COBOL oriented information 
or machine code oriented data. 



COBOL Oriented Service Routines : 

The first step in any program is development of the coding. Here we are dis- 
cussing a program written according to COBOL specifications. Once this has been 
written and desk checked by the programmer and his associates, it must be prepared 
as input to the COBOL program, which will translate it to 301 machine code. 
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Once this is obtained, the next step is program testing. In order to test the 
accuracy of a program, it is necessary to develop good test data (sample records 
that will force the program down every possible path) . With this sample data and 
the predetermined results, it is possible to check* the program and see if it is 
acting correctly. If not, corrections must be made. To aid in this procedure, there 
are a number "of Service routines, called the RCA 301 COBOL VALIDATION SYSTEM, often 
referred to as the CONSOLIDATA routines: The CONSOLIDATA routines are a set of 
remote program check-out routines. It contains a number of routines which will: 

1) allow the programmer to package all of his validation routines, test 
data, and the program itself onto one or more discs for ease of handling; 

2) permit him to distribute the information on the disc(s) to the appropriate 
storage facilities in order to start debugging, thus greatly cutting down 
set up time; 

3) sample data fields at designated points during debugging, giving the pro- 
grammer a printed output of this information; 

^■) print -out any designated areas of memory, as well as the contents of the 
output tapes, when the program hangs. In addition, the position of the 
input tapes will be given. 

When the errors have been discovered, corrections can be made in COBOL and a 
recompilation can be made, producing a corrected machine program. When the machine 
program finally tests out perfectly, it can then be incorporated as part of the 
program 1 ibrary . 

Programs initially prepared in machine coding are fed into the computer through 
either paper tape or cards. The Program Tape Transcriber routine floats the program, 
if necessary, and then transcribes it to magnetic tape in the proper program tape 
format. A printed copy of the program may be obtained by using the Program Tape 
Print routine. 

Program testing would incorporate an Insertion routine, which would load the 
program into memory. The HSM Print routine would give the programmer a picture of 
memory at the point that the program hung, and the Tape Print routine would print 
out any information or the output tapes. The File Maintenance routine would be used 
to correct any errors which are found during the testing procedures . 

The new program, having been completely checked out, is stored on magnetic tape, 
either in a general library or as part of a "run tape", which is used in an automatic 
multiple program run. The Insertion routine is used to insert the first program seg- 
ment (limit for a segment is 700 instructions) into HSM. (The program itself must 
incorporate steps to load all additional segments). This Insertion routine can 
handle single or multiple program insertions. 

Multiple program insertions can be accomplished by compiling a "run tape". 
The first three blocks of the tape must be the Insertion Bootstrap and the Insertion 
routine. The first block must be manually read into a standard HSM area, the pro- 
gram tape number placed in a standard HSM location (2000) , and the P register must 
be set to a standard location. Then hitting the Start button will bring in the 
Insertion routine, which in turn loads the first segment of the first program on the 
"run" tape. The Insertion routine will cause a stop for operator convenience, but 
hitting the Start button will cause the execution of the program. Termination of 
the program must be a transfer to a standard exit location, which will cause a re- 
turn to the Insertion routine. This procedure will continue until all the programs 
on the run tape have been processed. 
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Single program insertions can be accomplished in the same manner, except that 
only that portion of the Insertion routine which handles single insertions is brought 
into memory. The identification of the program to be executed is fed to the computer 
through either paper tape or cards. When the program is completed, the operation 
termi;iates . 

The General Processing routines are the same as for the Disc Library, except 
that the Sort and Merge routines will be for tape only, since a Record File is not 
available . 



CARD LIBRARY: 

This system was designed to meet the needs of an RCA 301 basic card system. 
Again, the programs are all machine code oriented. 

Program preparation is the same as before, when dealing with machine code, except that 
now the program must be prepared on punched cards. 

Testing can be accomplished by use of the Loader routine, which will place the 
program into memory at the designated locations (floating it, if necessary), and the 
High Speed Memory Print, which will prepare hard copy pictures of memory. Again, 
the debugging procedure will be a run-to-hang operation. The Loader routine can be 
used to correct afiy errors found in the program during testing. The initial wrong 
cards do not have to be removed from the deck, unless desired, if the correction 
cards are placed as the last cards in the deck. This is true since each card is 
treated individually, and the information on the correction cards would simply over- 
lay the erroneous data. 

System operation can be accomplished by using the Loader routine to bring in 
the production program. The Loader routine cards must preceed the production program 
cards and the insertion of the Loader routine must be manual from the console, as 
must be the setting of the P register, in order to initiate the running of the Loader 
routine. The Loader routine need not be inserted each time, as long as the produc- 
tion program does not destroy it. 

The General Processing routines are generally the same as those available for 
the other two libraries. 
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XXXVIII - COMPATIBILITY 



Having discussed the RCA 301 as an individual system, it is necessary to mention 
that the RCA 301 is also compatible with the other RCA EDP Systems, such as the RCA 
501 and the RCA 601. For this reason, it is feasible that many applications will use 
the RCA 301 as a "satellite" computer to these larger systems. This compatibility is 
possible due to several inherent features of the RCA 301. 

In order to be compatible, it must be possible to feed data from one computer to 
the next. This can be accomplished by one of two methods. First of all, the 33 kc 
and 66 kc magnetic tape(s) which can be connected to the 301 can be utilized by both 
the 501 and 601 systems. Secondly, RCA has a computer communications system called 
Da-Span, which permits data to be sent over telegraph or telephone lines, thus tying 
distant computer systems together. This long distance, rapid communication between 
the master and satellite computers achieves the long desired results of immediate 
electronic data processing even in an industry which is widely dispersed geographically. 

Once the data is obtained, it must be converted from the original code to the 
RCA 301 code. As was pointed out earlier, the Translate by Table instruction will 
convert any 7 bit binary code to any other 7 bit binary code. This means that 501 
or 601 code could be translated to 301 code or vice-versa, thus making all the codes 
compatible. 
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TAPE READ REVERSE NORMAL: 

This instruction operates exactly as the TAPE READ FORWARD NORMAL, except that 
the tape is moving in a reverse direction and the data is being placed in memory from 
right to left. 

The OP code is 6. 

N indicates the tape unit or the paper tape reader. 

The A address gives the location to receive the first character. 

The B address gives the location to receive the last character. 

The operation terminates when a gap is sensed on tape. If this condition should 
exist before A equals B, PRN is set. If the gap is found at the same time that the 
registers become equal, PRZ is set. If the registers reach equality, no more data 
will be transferred into memory, but the tape will keep moving until the gap is 
sensed. In this case the PRP is set. 

Ag (STA) will contain the address one to the left of the last character read in. 
This instruction is repeatable. 



TAPE READ REVERSE SIMULTANEOUS: 

This instruction is the same as the TAPE READ REVERSE NORMAL except that it is 
executed in the Simultaneous Mode. 

The OP code is 7. 

Everything else is the same. 

The PRI's are not affected, but Sf will contain the address one to the left of 
the last character read in. 

The Merge routine is a separate routine which will collate data that is stored 
on from two to eight tapes, preparing output in sequential order. Again the data 
must be fixed in length, but it may be batched. The output batch is specified by the 
user and own coding and re-run are permitted. 
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XXXIX - SORTING AND MERGING 



Since transactions come in in random order, and since it is normally not efficient 
to post them against their masters in this random order, it is necessary to have some 
way to order or "sort" this raw data into sequential order based on the same criteria 
by which the master file is sorted. Manually, this could be accomplished by waiting 
until the transactions are in, sorting the hard copy, and then preparing the paper 
tape for input, or by sorting the card transactions before entering them into the 
computer run. This, however, is seldom efficient or even practical (especially in 
the case of paper tape input) , so that it is necessary to have a program which will 
read this raw data, sort the records based on a specified criteria, and prepare a 
final output which contains the information in sorted order. The sort and merge pro- 
grams needed to accomplish this are service routines supplied by RCA to its users. 
These routines are generalized in nature, that is the sort could be used on payroll 
data in one format one time, and stock information in an entirely different format 
the next time. The only requirements are that data records must be fixed in length 
and maximum limits as to record size and criteria size are not exceeded. Since the 
RCA 301 may have many configurations of peripheral gear, it is necessary to have more 
than one Sort routine. Specifically, there will be sorts to handle the following 
specifications : 

1) a 2 way merge sort using a lOK or 20K memory and one Hi-Data tape group 

2) a 2 to 5 way merge sort using 20K memory and two Hi-Data tape groups 

3) a 2 way merge sort using lOK memory and one Record File 

4) a 2 way merge sort using 20K memory and one Record File 
In addition, the sort routines will allow for: 

1) disc or tape program storage of the tape sorts (the disc sort will be 
written only for disc storage) 

2) input from magnetic tape 

3) operation in the Normal Mode only or in the Normal and Simultaneous Modes 

The output of the sort routines will be ascending or descending order and will 
be stored on the medium of the sort Magnetic tape or disc) in the batch size specified 
by the user. 

Each installation will be able to include some own-coding (instructions to per- 
form a task unique to that particular installation, but not common to all EDP systems) 
during the first and last passes of each of the sorts. Re-run (the ability to re-start 
without having to begin at the beginning) will be available during the general merge 
pass . 

The Sorts will be made up of internal sort, which will develop strings or batches 
of sorted data until the input data is exhausted and then a merge pass which will 
merge these strings into batches of the specified length. 

The tape sort routines incorporate two instructions which we have not yet covered. 
These are the Reverse Reads. The advantage of these instructions is fairly obvious 
if we consider that sorting is actually reading, writing, reading the previously 
written data, re-writing it in another order, etc. The reverse reads permit reading 
the written information without the necessity of rewinding the tape, cutting the tape 
time drastically. 
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APPENDIX A - MICR SORTER READER 

A MICR Sorter/Reader is an on-line device which enables a computer, under 
program control, to read total or partial images of a paper document into HSM. 
The computer can accumulate and verify data from magnetically encoded documents 
and control the sorting of these documents into the stackers or pockets of the 
Sorter Reader. 

The Sorter/Reader has the ability to read 14 magnetic characters. These 
consist of ten numerals (0 thru 9) and four special symbols (amount symbol, 
on-us symbol, dash symbol, and transit number symbol). The numerals are 
represented in RGA 301 as numerals. The amount symbol is represented in the 
RCA 301 as a dollar sign ($) , the on-us symbol as an equals sign (-) , the dash 
symbol as a minus sign (-) , and the transit number symbol as a number sign (#) . 

The Sorter/Reader has a maximum rated speed of 1,560 6-inch documents per 
minute. A timing cycle of 35.3 ms per document should be used. Approximately 
31.424 ms are available for computing during a timing cycle. 
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MICR TIMING 



The 35.3 ms it takes to process one document is divided up as follows: 



^ 



4.6 



V 

Leading Edge 
Detection of 
Next Document 



Latest Time 
to Make a 
Pocket 
Selection 



35.3 



13,45 



All Data from 
Minimum Docu- 
ment in HSM 



^ 



17.25 



Leading Edge 
Detection of 
Document 



As can be seen, 17.25 ms are needed from the detection of the reading edge 
of a document to the completion of reading 42 characters into HSM, This leaves 
18.05 ms remaining for processing. Moreover, since it takes a minimum of 1 680 
T l°oJ°^^ ^^^ ^ character buffer and only 91 us to transfer the contents of the buffer 
to HSM, even more free computing time is available. (This is assuming 7 read 
instructions reading 6 characters each) A read instruction may read any number 
of characters in multiples of 6. It is not limited to 6 characters. However, 
if more than 6 characters are read with one instruction, free computing time 
between buffer dumps is not available). Subtracting staticizing, reading, and 
STA time (91 us> from 1.680 ms leaves 1,589 ms available for computing. 

The fifth time the buffer is dumped into HSM a series of automatic checks 
are performed which decreases the available compute time to 1,029 ms. 

The time available between the detection of the leading edge of a document 
and the latest time that the first 6 characters may be read is 4,700 ms. Because 
of the subroutine necessary for leading edge detection, this time is cut to a 
maximum of 4.4 ms. 



Ls: 



Therefore the maximum total free compute time in one document time cycle 



1,589 X 5 Buffer Dumps 
1.02 9 after Fifth Dump 
18.050 after Last Dump 



4.400 ms 

7.945 ms 

1.029 ms 

18.050 ms 



31.424 ms Computing Time 



If processing is going on in the simultaneous mode, of course, this time 
will be interrupted and therefore decreased. 
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MICR INSTRUCTIONS 

Control Document Feeder 

This instruction starts or stops the feeding of documents into the transport 
mechanism of the Sorter/Reader, 

The OP code is ; . 

N - (Zero) 

A Address - 0000 (Zeros) 

B Address - Bq, B^, 83 = 000 (Zeros) 
B3 1 = START 
B3 - = STOP 

Document Read Reverse Normal 

This instruction reads information from magnetically encoded documents in the 
Sorter/Reader into HSM via the MICR Control Buffer. 

The OP code is 6. 

N - (Zero) 

A Address - HSM Location to Receive the First Character Read 

B Address - HSM Location to Receive the Last Character Read 

When the MICR Control Buffer is filled with 6 characters, the first character 
is transferred into the HSM location addressed by the A register. The contents of 
the A & B registers are compared and if equal, PRZ is set and the instruction 
terminates. If unequal the A register is decreased by 1 and the process repeats. 
Should the buffer be empty, continued execution of this instruction is held of 
until the buffer is filled. If a malfunction occurs or no documents are in 
transport, the instruction terminates and PRN is set. If the leading edge of 
a document is sensed and the instruction is awaiting initial execution, PRP is 
set and the instruction terminates. (Blank fields are treated as spaces) 

Document Read Reverse Simultaneous : 
The OP code is 7. 
N - (Zero) 

A Address - Address of HSM Location to Receive First Character Read 
B Address - Address of HSM Location to Receive Last Character Read 
There are no PRI settings for this instruction. 

Pocket Select : 

This instruction designates the pocket in which the processed check can 
be placed. 
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The OP code is 8. 

N - (Zero) 

A Address - HSM Location of pocket number 

B Address - HSM Location of pocket number 

Possible pocket numbers: 

1 
2 
3 
4 
5 
6 
7 
8 
9 
+ 

- (minus) 
If this instruction is not given the document will go to the reject pocket. 
Input Output Sen se : 
The OP code is S. 
N - (Zero) 
A Address - Aq specifies the test to be performed as follows: 



Ao 



1 
2 

4 



TEST 



Is the Sorter/Reader inoperable? 

Has the feeder been turned off? 

Has transporting problem caused 

delay of feeding? 

Is feeder hopper empty? 

Was pocket selection in error? 



A2 , A2 , A3 = 000 (Zeros) 



B Address 



HSM Location of next instruction if the condition or conditions 
being tested are present. 



Documents are automatically rejected to the reject pocket if: 



1. They are too close in transport 

2 . They are too large 

3. A pocket selection is not made 
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APPENDIX B - ARITHMETIC INSTRUCTIONS 

In addition to the arithmetic instructions and subroutines we have discussed, 
there are other arithmetic instructions which may be used with a 20K or 40K 
processor if a high speed arithmetic unit is attached. This unit and Fixed and 
Floating Point Arithmetic Instructions provide for higher forms of arithmetics 
such as the multiplication and division of exponential numbers. 

The high speed arithmetic unit consists of an addressable Accumulator and 
Product Remainder Register, two non-addressable arithmetic registers, and a high 
speed parallel adder. The addressable Accumulator and PR Register are 16 positions 
in length (8 each) and are not contained in HSM. The result of every arithmetic 
operation appears in the Accumulator and. if indicated, in memory. In some cases 
the Accumulator and the PR Register will contain pertinent information after an 
arithmetic operation. The contents of the Accumulator may be addressed, stored 
or shifted and the PR Register may be stored or shifted. 

The addresses of the Fixed and Floating Point instructions can be automatically 
modified by three different Index Fields. These are 4 characters in length and 
are contained in standard HSM locations. Three Increment Fields, each associated with 
a particular Index Field, are also available. These are 4 characters in length, 
contained in standard HSM locations, and are used to increment the Index Fields via 
the Tally instruction. 

Indexing and Incrementing are algebraic additions. The range of quantities that 
can be used are -19,000 to +19,999 or -39,999 to +39,999 in 20K or 40K processors 
respectively. If the result of Indexing produces a negative address or an address 
which exceeds memory an alarm stop follows. Only one level of Index Field modifica- 
tion is permitted for each address of each. instruction. 

A fixed point operand is a quantity which must be 8 characters in length. The 
decimal point can be assumed to anywhere within the operand. It is up to the 
programmer to align the decimal points prior to addition or subtraction and calculate 
its position after a multiplication or division operation. 

A floating point operand must be 10 characters in length. The most significant 
8 digits indicate the numerical value of the number and are called the mantissa. The 
least significant 2 digits indicate the magnitude of the mantissa and are called the 
exponent. All Floating Point Operands must be "normalized" before being used m 
arithmetic operations.* 

This means that the exponent must be adjusted (done by processor) so that the 
assumed decimal point is to the left of the MSD of the mantissa. After floating 
point operations are completed, the exponent indicates the position of the decimal 
point. 

All operands must have their MSD in an even HSM location and must be addressed 
by their least significant diad. All operand characters should be numeric unless 
indicating a negative number or an overflow condition. 



MSD OF 

1. Fixed Point Operands 

2 . Exponent 



OVERFLOW 

"one" bit in the 2^ position 
"one" bit in the 2^ position 
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LSD OF NEGATIVE 

1. Fixed Point Operands "one" bit in the 25 position 

2. Exponent "one" bit in the 2 5 position 

3. Mantissa "one" bit in the 25 position 

An overflow condition is not possible in the mantissa. If attempted the 
Accumulator would shift one position to the right, a decimal "one" would be inserted 
in the MSD of the mantissa, and the exponent would be adjusted accordingly. Overflow 
is possible only after an arithmetic operation. If present when initiating an 
arithmetic operation an alarm stop will occur. 

All floating point operation results are automatically normalized and rounded. 
Fixed point operation results are not. 



Examples of 301 floating point format: 





NUMBERS 




+ 0, 


,12345678 


=+ 


.12345678X100 


+123, 


,45678 


=+ 


.12345678X103 


-123, 


,45678 


=— 


.12345678X103 







= 


xioo 


+ 0, 


.00012345 


=+ 


.12345 XIO"-^ 


- 0. 


.00000001 


=- 


.1 xio-=* 



NORMALIZED NUMBERS 



1234567800 
1234567803 
1234567Q03 
0000000000 
123450000L 
10000000-OP 
+ ,123456789X1079 1234567879 

Any number between 10-^9 to lO'^^g j^^y ^^ represented in floating point format. 

HSM LOCATIONS CONTENTS 

022 6-0229 Increment A Index Fields 

0230-0233 A Index Fields 

0234-0237 Increment B Index Fields 

0238-0241 B Index Fields 

0242-0245 Increment AB Index Fields 

0246-0249 AB Index Fields 

ARITHMETIC INSTRUCTIONS 

The N code in each arithmetic instruction designate the type of address 
modification (if any) and the location of the arithmetic operands. The following 
table can be used to determine the N character for any particular instruction. 
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ADDRESS j A,B 


A 


B 


A,B 


■'■a,b ■■■ 


ADDRESS MODIFIED BY INDEX FIELD: 


None 



A 

4 


B 


A',B"' "" 


AB 


■""■■" ■ 

P 
E 
R 
A 
N 
D 

R 
E 
S 

u 

L 

T 

L 


G 

A 
T 
I 

N 
S 


A= contents of A Address 
B= contents of B Address 
Result stored into contents of 

A Address and accumulator 


2 


6 


1 


A= contents of accumulator ' 
B= contents of B Address 
Result stored into contents of 
A Address and accumulator 


- 


M 


K 


Q 


J 


A= contents of A Address 
B= contents of accumulator 
Result stored into contents of 
A Address and accumulator 


& 


D 


B 


F 


A 


A= contents of accumulator 
B= contents of accumulator 
Result stored into contents of 
A Address and accumulator 


tl 


U 


S 


W 


/ 


A- contents of A Address 
B= contents of B Address 
Result stored into accumulator 


8 


@ 


(space) 


) 


9 


A= contents of accumulator 
B= contents of B Address 
Result stored into accumulator 


Q 


* 


E/I 


E/F 


R 


A= contents of A Address 
B= contents of accumulator 
Result stored into accumulator 


H 


J 


+ 


- 


I 
2 


A= contents of accumulator 
B= contents of accumulator 
Result stored into accumulator 


Y 


% 


E/B 



Staticizing and execution time for each instruction will be indicated under its 
description. Additional time, depending upon the specific instruction, may be 
applicable. 



CONDITION 



ADDITIONAL TIME 



Indexing an address 

Fetching a fixed point operand from HSM (A or B) 

If and "end around condition" exists in an operand 

Storing a fixed point result in HSM 

Fetching a floating point operand from HSM (A or B) 

Alignment of an operand during floating point operations 

Normalization of operands during floating point operations 

Rounding of a floating point result 

Storing a floating point result in HSM 



-21 us 
-28 us 

- 7 us 
-28 us 
-35 us 

- 7 us PER SHIFT 

- 7 us PER SHIFT 

- 7 us 
-35 us 
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@ Fixed Point Add (EXA> Non-Repeatable 

General Description 

This instruction performs decimal addition in accordance with algebraic rules 
producing a non-zero suppressed sum in the Accumulator. Depending upon the 
conditions as specified by the N character, the addresses of the operands can be 
indexed and the operands may appear in HSM or in the Accumulator. The sum may be 
placed in HSM if it is indicated. The operands are eight characters in length 
and obey the rules concerning addressing sign, and overflow as described in the 
fixed point word format description. 



Format 



Operation @ 

N as discussed previously. 

A Address HSM location of least significant diad of augend and/or sum. 

B Address ^HSM location of least significant diad of addend. 



Direction 



Right to left. 



PRI'S 



PRP is set if the sum is positive. 
PRZ is set if the sum is zero. 
PRN is set if the sum is negative . 



Timing 

35 us + 7 us + additional timing. 

Example 

Instruction 

Operation N A Address B Address 
@ 2009 2017 
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HSM Before Instruction is Executed. 



9002 


2003 


2004 


2005 


2006 2007 


2008 


2009 


20ld 


2011 


■2-012 


2013 


2dl4 


2015 


2016 


2017 


8 


2 


3 


A. 


1 





2 


1 





3 


6 


7 


7 


7 


8 






HSM After Instruction is Executed. 



2002 


2003 


2004 


2005 


2006 


2007 


2008 


2009 


2010 


2011 


2012 


i2iL 


2014 


2015 


2016 


^2017 


8 


6 





1 


8 


8 





1 





3 


6 


7 


7 


7 


8 






Contents of Accumulator After Instruction is Executed. 



8 


6 





1 


8 


8 





1 



Accumulator 



PRI 

PRP is set. 
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( Fixed Point Subtract (FXS) Non-Repeatable 

General Description 

This instruction performs decimal subtraction in accordance with algebraic rules 
producing a non-zero suppressed difference in the Accumulator. Depending upon the 
conditions as specified by the N character, the addresses of the operands can be 
indexed and the operands may appear in HSM or in the Accumulator, The difference 
may be placed in HSM if it is indicated. The operands are eight characters in 
length and obey the rules concerning addressing sign, and overflow as described in 
the fixed point word description. 



Format 

Operation ( 

N as described previously. 

A Address HSM location of least significant diad of the minuend and/or 

difference. 
B Address HSM location of least significant diad of the subtrahend. 

Direction 

Right to left. 



PRI's 

PRP is set if the difference is positive. 

PRZ is set if the difference is zero. 

PRN is set if the difference is negative. 



Timing 

35 us + 7 us + additional timing. 

Example 

Instruction 

Operation N A Address B Address 
8 3363 3371 
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HSM Before Instruction is Executed 



3356 


3357 


3358 


3359 


336t 


3361 


336?. 


33^3 


3364 


33^"? 


33§§ 


3?$7 


?35§ 


3359 


3370 


3371 


3 


7 


4 


3 





7 


8 


9 


6 


1 


3 


4 


3 


2 


1 


R 



HSM After Instruction is Executed 



3356 


3357 


3358 


3359 


3360 


3361 


p6i 


3363 


3364 


3Mr 


33^ 


3367 


3368 


■3^'5 


337^- 


3371 


3 


7 


4 


3 





7 


8 


9 


6 


1 


3 


4 


3 


2 


1 


R 



Accumulator After Instruction is Executed 



9 


8 


7 


7 


4 








8 



PR I 

PRP is set. 
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) - Fixed Point Multiply (EXM) Non-Repeatable 

General Description 

This instruction performs decimal multiplication in accordance with algebraic 
rules producing a non-zero-suppressed product in the Accumulator and the PR 
Register. The LSD of the product will be in the LSD position of the PQ Register. 
The sign of the product will be indicated only by the 2 5 bit of the LSD of the 
Accumulator . 

Depending on the conditions as specified by the N character, the addresses of 
the operands can be indexed and the operands may appear in the HSM or in the 
Accumulator. The product may be placed in HSM if it is indicated. The operands 
are eight characters in length and obey the rules concerning addressing as 
described in the fixed point word description. 

If one operand is zero, the resultant zero product will produce all zeros in 
both the Accumulator and the PR Register. Execution time for the multiply will 
be faster if the multiplier is the smaller operand. 

Format 

Operation ) 

N as described previously. 

A Address HSM location of the least significant diad of the multiplicand 

and/or product. 
B Address HSM location of the least significant diad of the multiplier. 

Direction 

Right to left, 

PRIX'S 

PRP is set if the product is positive. 
PRZ is set if the product is zero. 
PRN is set if the product is negative. 



Timin: 



^ 



Average Execution Time 35 us + 315 us + additional timing. 
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Example 

Instruction 

Operat 



Lon 



N A Address 

4 3105 



B Address 
4615 



HSM 



Before Instruction is Executed. 



A - IR 



4.600 


4601 


460? 


4603 


4604 


4605 


460 6 


4607 


T55-8 


Tzoy 


■4610 


4611 


4612 


4613 


4614 


461f 




1502 


2 


1 





3 


4 


2 


9 


L 


6 


8 


3 


4 


2 


7 


6 


5 



HSM After Instruction is Executed. 



4600 


4601 


4602 


4603 


4604 


4605 


4606 


4607 


4608 


4609 


4610 


4611 


4612 4613 


4614 


461f 


1 


4 


3 


7 


5 


4 


1 


P 


6 


8 


3 


4 


2 7 


6 


5 



Contents of Accumulator and PR Register After Instruction is Executed. 



1 


4 


3 


7 


5 


4 


1 


P 


4 


3 


4 


4 





1 


T 

4 \ 

I 


5 


\ 










^L"■ 

PR 


,,-■ 






y 






Ac 


^^ 

cumu 


lator 








Reg 


Lstei 









PRI 



PRN is set. 



B-9 



& - Fixed Point Divide (FXD) Non-Repeatable 

General Description 

This instruction performs decimal division in accordance with algebraic rules 
producing a non-zero suppressed quotient in the Accumulator and Remainder in the 
PQ Register. The sign of the quotient will be indicated by the 2^ bit of the LSD 
of the Accumulator. The sign of the dividend will be retained and indicated by 
the 2^ bit of the LSD of the PR Register. If the decimal point of the operands 
are aligned, the decimal point of the quotient will precede the MSD. 

The absolute value of the dividend must be less than that of the divisor. 
If this rule is violated, the computer stops with a ARIE Alarm Stop. 

Depending on the conditions as specified by the N character, the addresses 
of the operands can be indexed and the operands may appear in HSM or in the 
Accumulator. The quotient may be placed in HSM if it is indicated. The operands 
are eight characters in length and obey the rules concerning addressing as described in 
the fixed point word description. 

If the dividend is zero, the quotient will be zero, producing all zeros in 
both the Accumulator and the PQ Register. If the divisor is zero, the computer 
stops with a ARIE Alarm Stop. 

Format 



OP & 

N as described previously. 

A HSM location of the least significant diad of dividend and/or quotient 

B HSM location of the least significant diad of divisor. 



Direction 



Right to left. 



PRI's 



PRP is set if the quotient is positive. 
PRZ is set if the quotient is zero. 
PRN is set if the quotient is negative. 
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Timing 

Average execution time - 35 us + 322 us + additional timing. 



Example 

Instruction 

Operation 



N 




A Address 
4583 



B Address 
4575 



HSM Before Instruction is Executed. 



4568 


4569 


4570 


4571 


4572 


4573 


4574 


4575 


4576 


4577 4578 


4579 


4580 


458:4582 


4583 











3 


2 


1 

















6 


7 


8 


9 



HSM After Instruction is Executed. 



4568 


4569 


4570 


4571| 


4572 


4573 


4574 


4575 


4576 


4577 


4578 


4579 


4580 


458] 


4582 


4583 


2 


.1 


1 

1 


4 


9 


5 


3 


2 














6 


7 


8 


9 



Contents of Accumulator and PR Register After Instruction is Executed. 

































2 


1 


1 


4 


9 


5 


3 2 











2 


2 


8 








\ 








^\ y 



Accumulator 



PR Register 



PRI 



PRP is set. 
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Floating Point Arithmetics Non-Repeatable 

$ - Floating Point ADD (FLA) 

General Description 

This instruction performs floating point decimal addition in accordance with 
algebraic rules producing a rounded normalized floating point sum in the Accumulator. 
Depending upon the conditions specif ied by the N character, the addresses of the 
operands may be indexed and the operands may appear in HSM or in the Accumulator, 
The sum may be placed in the HSM if it is indicated. The operands are ten characters 
in length and obey the rules concerning addressing, sign, and overflow as described 
in the floating point data format description. 

The Floating Point Add sum is rounded in the following manner: 

During the alignment of the operands, the mantissa of the operand containing 
the algebraically smaller exponent will be shifted right with overflow digits 
entering the PQ Register. The addition is extended to these digits in the PQ 
Register with zeros assured for the extension of the operand with the algebraically 
larger exponent. If normalization requires the sum to be shifted left, the re- 
quired number of digits will be shifted from the PR Register to the Accumulator. 
Upon completion of normalization, the MSD of the PR Register will be examined, and 
if 5 or greater, a one will be added to the LSD in the Accumulator. In the 
exceptional case, where this addition produces a carry through the entire eight 
digits of the Accumulator, the Accumulator will automatically be shifted right 
one position, a one will be inserted in the MSD, and the exponent is incremented 
by one. 

Format 

Operation - $ 

N - as described previously. 

A Address - HSM location of the least significant diad of augend and/or sum. 

B Address - HSM location of the least significant diad of addend. 

Direction 

Right to left. 



PRI's 



PRP is set if the sum is positive. 
PRZ is set if the sum is zero. 

PRN is set if the sum is negative. 
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Timing 

35 us + 7 us + additional timing. 



Example 



Operation 

$ 



N A Address 
4609 



B Address 
4619 



HSM Before Instruction is Executed. 



4600 



4.6014602^603 



4.604 



460!. 4606 4607 



460E 



46a 



4610 4611 



4612 461: 



46» 



4613461614617 



461£ 



4619 



HSM After Instruction is Executed. 



4600 4601 4602 ^603 j-604 



Ma 



MQ^iL^ 



M2^ 



M25 



461C461] 



46134613 



5 6 



4614 



4615 



4616 4617 



4618 



4619 



PR I 



PRP is set. 
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: - Floating Point Subtract (FLS) Non-Repeatable 

General Description 

This instruction performs floating point decimal subtraction in accordance 
with algebraic rules producing a rounded normalized floating point difference 
in the Accumulator. Depending upon the condition specified by the N character, 
the addresses of the operands may be indexed and the operands may appear in 
HSM or in the Accumulator. The difference may be placed in HSM if it is in- 
dicated. The operands are ten characters in length and obey the rules concerning 
addressing, sign, and overflow as described in the floating point data format. 

The difference is rounded in the identical manner as described under the 
Floating Point Add instruction. 

Format 

Operation - : 

N - as described previously, 

A Address - HSM location of the least significant diad of the minuend 

and/or difference . 
B Address - HSM location of the least significant diad of the subtrahend. 

Direction 

Right to left, 

PRI's 

PRP is set if the difference is positive. 
PRZ is set if the difference is zero. 
PRN is set if the difference is negative. 

Timing 

35 us + 7 us + additional timing. 

Example 

Operation N A Address B Address 
: 5837 5827 
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HSM Before Instruction is Executed. 



ssrs 


; § 1 5 5 82 0|5 82 li5 82215 82 315 82 i)P 82 5 


i82 6 582^582 8 


p82 9 


583C583] 


5832 


5833 


S8345835 


^.SiLiSM^ 


1 


3 


6 


7 


3 


2 













K 


8 


7 


3 


2 


1 





1 


3 





3 



HSM After Instruction is Executed, 



5818 B819 


5820 


B821 


5822 


5823 


582 it, 


15825 


58^6 


mj 5,82.8 


iS25iSa£b£I2Sa2^ 


8 


7 


6 


aa26 




^837* 

3 


■'■■"1 

1 \ 3 

! 


6 


7 


3 


2 











K 

.1 


8 


7 


3 


2 






PRI 



PRP is set. 
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" - Floating Point Multiply - (FLM) Non-Repeatable 

General Description 

This instruction performs floating point decimal multiplication in accordance 
with algebraic rules producing a rounded, normalized floating point product in the 
Accumulator, Depending upon the conditions specified by the N character, the 
addresses of the operand may be indexed and the operands may appear in HSM or in 
the Accumulator. The product may be placed in HSM if it is indicated. The operands 
are ten characters in length and obey the rules concerning addressing and sign as 
described in the floating point data format description. 

During normalization, digits are shifted from the PR register to the Accumu- 
lator (if required) and rounding is performed as discussed under the Floating Point 
Add instruction. 

If either operand is zero, the Accumulator and the PR register will be all 
zeros, including the exponent. 

Format 

Operation - " 

N - as described previously. 

A Address - HSM location of least significant diad of the multiplicand 

and/or product. 
B Address - HSM location of least significant diad of the multiplier. 

Direction 

Right to left. 

PRI's 

PRP is set if the product is positive. 
PRZ is set if the product is zero. 
PRN is set if the product is negative. 

Timing 

Average execution time - 35us + 322us + additional timing. 

Example 

Instruction 

Operation N A Address B Address 

6743 6743 
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HSM Before Instruction is Executed. 



673^)573567365737 



573S673C674C674] 



67426743674iJ 6 7456746 6747674S 674? 



675C675] 



67526753 



HSM After Instruction is Executed. 



5734 


6735 


5736 


5737 


5738 


6739 


674C 


6741 


6742 


67436744|674S|6746|5747 


674J674C6750!675]J675^6753J 


2 


1 


8 


3 


1 


9 


7 


3 





9 


3 


4 


5 


6 


7 


8 


9 


6 





2 



Contents of Accumulator and PR Register After Instruction is Executed. 



2 


1 


8 


3 


1 


9 


7 


3 


1 


3 


8 


4 


5 


9 


4 


4 


V 


















J 



Accumulator 



v 

PR Register 



PRI 

PRP is set. 
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/ Floating Point Divide (FLD) 



Non-Repeatable 



General Description 

This instruction performs floating point decimal division in accordance with 
algebraic rules producing a rounded, normalized floating point quotient in the 
Accumulator. Depending upon the conditions specified by the N character, the 
addresses of the operands may be indexed and the operands may appear in HSM or in 
the Accumulator. The quotient may be placed in HSM if it is indicated. The oper- 
ands are ten characters in length and obey the rules concerning addressing and 
sign as described in the floating point data format description. 

If the first digit produced in the quotient is zero, normalization takes place 
immediately, so that eight digits are produced in the quotient. Rounding is per- 
formed by increasing the LSD of the quotient by one if the remainder is greater than 
one half the divisor. Since the quotient is rounded, the remainder becomes meaning- 
less and is not available. 

If the dividend is zero, the Accumulator and the PR Register will be all zeros 
including the exponent. If the divisor is zero, the computer stops with a ARIE Alarm 
Stop. 



Format 



Operation - / 

N - As described previously. 

A Address - HSM location of the least significant diad of the dividend and/or 

quotient. 
B Address - HSM location of the least significant diad of the divisor. 



Directions 



Right to left. 



PRI's 

PRP is set if the quotient is positive. 
PRZ is set if the quotient is zero. 
PRN is set if the quotient is negative. 

Timing 

Average execution time - 35us + 329us + additional timing. 
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Example 
Instruction 



Operation 
/ 



N 




A Address 
1009 



B Address 
1019 



HSM Before Instruction is Executed. 



lOOClOO] 



lOOi 



1002 



100^1005 



10061007100S 



lOQciOlC 



1011 10121012101^1 1015 L016 1017 



101S1019 



HSM After Instruction is Executed. 



lOOC 100] 1002 1002 1004 1005 L006 



100710081009101C101] 



10121013101410151016101710181019 



PRI 



PRP is set. 
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The final register settings for the high speed arithmetic instruction are 
primarily determined by the fetching of operands and/or storing of the result. 
These eight possible settings are indicated below. Where 8 characters are indicated, 
a fixed point operand was considered, and where 10 characters are indicated, a 
floating point operand was considered. Because of the diad addressability of these 
instructions, Ap and Bp settings will be on the corresponding character of the diad. 

Final Register Setting Chart 



Location of A 


Location of B 


Storage 








Address or A 


Address or B 


of 


A Final 


B 


Final 


Operand 


Operand 


Result 








A 


B 


A 


Ai-8 or 10 ch. 


Ap 




ACC 


B 


ACC 


Ai-2 ch. 


Ai 




A 


ACC 


A 


Ai-8 or 10 ch. 


Af 




ACC 


ACC 


ACC 


Ai-2 ch. 


Ai 




ACC 


ACC 


i 


Ai-2 ch. 


Ai-8 


or 10 ch. 


ACC 


B 


A 


Ai-2 ch. 


Ai-8 


or 10 ch. 


A 


ACC 


ACC 


Ai-8 or 10 ch. 


Bi 




A 


B 


ACC 


Ai-8 or 10 ch. 


Ai 





There are several instructions available which aid the user to utilize the new 
high speed arithmetic instructions more fully. Two of these are the Store Accumulator 
instruction and the Shift Accumulator instruction. 



Z Store Accumulator (SAC) 
General Description 



Non-Repeatable 



This instruction places the contents of the Accumulator and the PR Register, 
designated by the N character, into HSM. The sign and overflow bits are stored. 



as 



Format 



Operation - Z 

N code designates the type of address modification (if any) and what is to be 
stored. The following table indicates the possible alternatives. 



ADDRESS 


A,B 


A 


B 


A,B 


A,B 


ADDRESS MODIFIED BY INDEX FIELDS 


None 


A 


B 


A,B 


AB 


To 

Be 

Stored 


Accumulator and PQ Reg. - 16 ch. 
Accumulator - 10 ch. 
Accumulator - 8 ch. 
PQ Register - 8 ch. 


8 
& 

o 




@ 
D 

M 
4 


B 

K 
2 


) 
F 
Q 
6 


9 

A 
J 
I 



A Address - 0000 (zeros) . 

B Address - HSM location of least significant diad where designated portion 
is to be stored. 



Direction 



Right to left. 
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PRI's 



None 



Final Register Settings 

Af = Aj_ 

Bj = Bj^-8, 10 or 16 characters 



Timing 



Staticizing - 35 microseconds 
8 character store - 23 microseconds 
10 character store - 35 microseconds 
16 character store - 56 microseconds 
Each address modification - 21 microseconds 



Example 
Instruction 



Operation 
Z 



N 
2 



A Address 
0000 



B Address 
4349 



HSM Before Instructions are Executed 



Index Field B 



4562 


4563 


4564 


4565 


4566 


4567 


4568 


4569 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 






2 


2 






Accumulator and the PR Register Before Instruction is Executed 



yZ 



V 

Accumulator 



V 

PR Register 



4562 


4563 


4564 


4565 


4566 


4567 


4568 


4569 


5 


2 


6 


3 


7 


4 


8 


1 



Timing 

35us + 23us + 21us, 



Final Register Settings 

Af = 0000 
Bf = 4561 
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Shift Accumulator (SHA) 



Non-Repeatable 



General Description 

This instruction shifts the Accumulator and the PQ Register a specified number 
of times in either direction. In most cases, 8 places will be the maximum shifts 
desired since this number permits the shifting of the entire contents of the Accumu- 
lator or PQ Register. In the rare cases where more than 8 places are desired to be 
shifted, up to 15 places may be shifted by indicating the number of places in binary 
notation. (Use 301 N COUNT). 

Characters are shifted off the end of the Accumulator and lost, while vacated 
positions on the other end are filled with zeros. The sign positions in the Accumu- 
lator and PQ Register are not affected by shifting. However, the overflow bit (if 
present) is destroyed. 



Format 



Operation - = 



N 



- 2^ = 1 A and B addresses are modified by the AB Index Field. 

= Ignored 

2-'' = 1 B address modified by B Index Field 

= Ignored 

2=1 A address modified by A Index Field 

= Ignored 

2^ = 1 Couple Accumulator and the PQ Register (shift as one unit) 

= Uncouple Accumulator and the PQ Register (shift separately) 

2^ = 1 Shift Right 

= Shift Left 

25 = 1 Shift Accumulator 

= Shift PQ Register 



Only one level of Index Field Address Modification is permitted. 

The various combination of bits that may be used in the N character are 
indicated by the following table: 









4 


2 


6 


1 




Address 












Address 
Modification 


Portion 


A,B 


A 


B 


A,B 


A,B 


by 


None 


A 


B 


A,B 


AB 




Index Field 












Shift Accum. and PQ Reg. Left 


8 


@ 


- 


) 


9 


Shift Accum. and PQ Reg. Right 


H 


7 


+ 


1 


I 


Shift Accumulator Left 


G 


M 


K 


9 


J 


Shift Accumulator Right 


It 


U 


S 


W 


/ 


Shift PQ Register Left 





4 


2 


6 


1 


Shift PQ Register Right 


& 


D 


B 


F 


AA 



A address - 0000 (zeros). 

B address - Bq, ^i, ^2 - Ignored 

B3 = Number of shifts. 



Direction 



As specified by the 2 bit of the N character 
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PRI'S 



None 



Final Register Settings 

Af = Ai 
Bf = Bi 



Timing 



Staticizing - 35 microseconds 

Couple Shift Time - 7 microseconds per shift 

Uncouple Shift Time - 7x E 



where N = number of shifts 

the time must be a multiple of 7 miJtuJoseconds 
Each address modification - 21 microseconds. 



Example 
Instruction 

Operation 



A Address 
0000 



B Address 
0004 



Accumulator and PQ Register Before Instruction is Executed 



1234567887654321 



Accumulator 



PQ Register 



Accumulator and PQ Register After Instruction has been Executed 



1 


2 


3 


4 


5 


6 


7 


8 














8 


7 


6 


5 



Timing 

35us + 14us 



Final Register Settings 



Ag = 0000 



Bf = 0004 
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Tally Instruction 



Non-Repeatable 



General Description 

The TALLY instruction enables the progranuner to increment an Index Field by its 
associated Increment Field, All three, or any combination of the Index Field may be 
incremented by a single Tally instruction. Except for the ability to increment the 
Index Field, the Tally instruction operates exactly as in Chapter 



Format 



N 



Operation X 

- 2 -I Increment AB Index Field by the quantity in the AB 
Increment Field. 
= Ignored 
2 = 1 Increment B Index Field by the quantity in the B 
Increment Field. 
■= Ignored 
-2 = 1 Increment A Index Field by the quantity in the A 
Increment Field, 
o i, c - ^ Ignored 
2^, 2\ 2^ = Ignored 

A Address - HSM address of the diad containing the quantity to be tested 
B Address - HSM address of the next instruction to be performed if quantity 
being tested has not been exhausted. 



Final Register Settings 

Af = Ai 
Bf = B. 



Timing 



Additional timing associated with the incrementing is 42 microseconds per 
Index Field. 



Example 

Instruction 

Operation N 

X 7 



Index Field Before 
Instruction 



Increment Field 



Index Field 
After Instruction 



AB = 7561 
B = 7602 
A = 3211 



AB = 1435 
B = 2000 
A = 3150 



AB = 8996 
B = 9602 
A = 6361 



Additional Timing 

126 microseconds 
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RCA 301 COMPUTER PROGRAM RECORD 



TITLE 

CODER 

REMARKS 



DATE 
SEGMENT NO. 



FROM 
INST. 
LOC. 


NO. 
OF 
INS. 


HSM 
LOCATION 


1- 
< 


-1 

u. 


1- 
■< 

_i 
u. 


OP 


N 


A 


B 


REFERRED 
TO 
BY 


REMARKS 


BOX 

NO. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


F 


ZOO n 






• 


1 


Ci 





6 


a 


C 


c 





D 




Ruii BCT" 








{ 







4 


i 


i 


6 


6 





1 





z 


•7 




Reai Tip 






Z^' 





u 


V 


? 


'a. 


H 


^ 


a 


2 


a 


B 


a 




Ser^St iTD/ifF XUu^idr- 






3' 








^ 


6 


t 


\ 


Z 


1 


2 


\ 


G 







Taltv 






4 






:^ 


2l 


I 





6 





Z 


\ 


2 


z 




Cbiiipx^ O^ft-^ 




Mu/ 


^^^ 






U) 


1 


2 


2 


n 


c 


E 


z 


1 


D 




Te&+ ; '^<s PRICj^ ej ^ Cd rt^ p^f e X'h i+^^t'i* «* * a 




F 


2.0 6^ 


- 


\ 


3 


\ 





Gi 


2. 


2- 


I 


2. 


H 




Ca^ii.'^fe. See-^ii*^*^ 








7 




■: 


w 


1 


2 


z 


5 


^ 


:2 


<^ 


1 


£) 




Tes-f'PP.rA 




flee 


^ 


, ■, 


n 


N 


7 


/ 


6 


2 


7 


z 


I 


3 


S 




f=lcc« 






90 


n 





t 


^ 


Z 


I 


H 


H 


a 


1 


3 


S 










z\ 







•f 


9 


2- 


I 


5 


3 


^ 


1 


3 


5 










i 







V 


I 


C 


2. 


1 


fL 


z 


a 


I 


a 




Tf 7./^S,Per S-^«^lc t:'4 ^et T?p^ 




1 


Z.- 


.'■'; 


a 


T 





Q 


Ci 








(J 


Ci 


c 


r 


S^^- Cov.At-cr r yJor^C ^re-?^ 








^ 
















D 








6 


6 








J 


<i (bS»^c^/'e7S. f*r D,st rSect P 






H 








6 


c^ 





d 





c> 








6 





i 


Cft^vsfiA-fs (^ *^ Ch?^?c-^<?'* f'Sii'ifif' (^ih 


P 




^'5; 














D 





i 





4 


>* 


* 












G 






H 


s 


I 


t> 








I 


^ 


Z 


z 




S-t^afe 0<-ft**Sect^ 






1 


;i 


L' 


v] 


^ 


^ 


6 


6 


0^ 





If 


i 


^ 




CU^r ?^v^+ ^^f^ 




F 


^ \ 2' 


it 


H 


2: 


1 


C 











6 





cJ 




Hd^e De^tl^ -:> pr5/.-^Rf^$^ 








^ 




'] 


i 


1 


6 


D 











<b 









Pri-^-^ Dept 






2Z cCi 


■■J 





V 




6 


Z 


t 


q 


^ 


£> 


t 


(!> 




! 






\ 


i) 





f 


^ 


2 


a 


1 





2 


2 


^ 


^ 




Pr.^-f fa H^Ai-l^^ *'0u-i'6^S<SQifm€j^ 






2 


',] 





» 


1 


1 


1 


1 


1 


i 


1 


1 






K^r-f 1 






3" 








V 


1 


6 


^ 


J. 


^ 


:x 


2 


^ 


6 








2B-00-004 
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RCA 301 COMPUTER PROGRAM RECORD 
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NO. 
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O 

_1 
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< 

o 

_l 


OP 


N 


A 


B 


REFERRED 
TO 
BY 


REMARKS 


BOX 
NO. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


rr 


5»H 


u 




^ 


If 


a 


• 


. 


ir 


R 


R. 


« 


1 



















V 


/ 


a. 


H 


^ 


%- 


% 


3 


!r 


C^ 




.7 V^ UC 6l^ P 






e c 





n 


v 


I 


6 


TZ. 


/ 


"i 


z. 


<i 


8- 


ci 


„,_-—'"■"' 


Tr?^f^r -^ P?CC 




rt.; \ 


7 







V 


I 


2 


H 


H 


SI- 


-:^ 


-^3- 


r 


cr 








4 


^ 


,} 





J 


-» 





4 











1 


I 


«i 




Clr P^.^t* FT/^ra 






^ 






H 


2. 


2 


I 


z 


Z 


o 


(^ 





o 




lidof t f ^sit.^ DeS>'^^ 





r- 


2 3 6 





f1 


^ 


Z 


\ 


s 


4 





«^ 


\ 


=1 












1 






B 











o 








6 


d 


5 




Pr-^t '^ Paqa.cKtAc4^ 






Z^o 


ii 


f) 


H 


z 


\ 











^ 
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